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PREFACE
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I. RECOMMENDATIONS FOR A CARBON BLACK STANDARD
NIOSH recom m ends that employee exposure to carbon black in the workplace be controlled by adherence to the following sections. T he  standard is designed to protect the health and provide for the safety o f employees for up to a 10-hour workshift, 40-hour workweek, over a working lifetime. Compliance with all sections o f the standard should prevent adverse effects o f carbon black on the health o f employees and provide for their safety. T he standard is m easurable by techniques that are valid, reproducible, and available to industry and governm ent agencies. Sufficient technology exists to perm it compliance with the recom m ended standard. T he employer should regard the recom m ended workplace limits as the upper boundary for exposure and make every effort to keep the exposure as low as possible. T he  criteria and standard will be reviewed and revised as necessary.
T he term  “carbon black” refers to material consisting o f m ore than 85% elem ental carbon in the form o f near-spherical colloidal particles and coalesced particle aggregates o f colloidal size obtained by partial com bustion o r therm al decom position o f hydrocarbons. If  carbon black contains polycyclic aromatic hydrocarbons (PAH’s), ie, if it contains cyclohexane-extractable substances at a concentration greater than 0.1% , “occupational exposure to carbon black” is defined as any work involving any contact, airborne o r otherwise, with this substance. If  carbon black contains cyclohexane-extractable substances at a concentration o f 0.1% or less, “occupational exposure to carbon black” is defined as any work involving exposure to carbon black at a concentration greater than half the recom m ended environm ental limit o f 3.5 m g/cu  m; exposure to this carbon black at lower concentrations will not require adherence to the following sections except 2(a), 3(a), 6(b-e), 7, and 8(a). Exposure to carbon black may occur during the production, processing, distribution, storage, and use o f carbon black. If  exposure to o ther chemicals also occurs, provisions o f any applicable standard for the o ther chemicals shall also be followed.
The recom m ended environm ental limits are based on data indicating that carbon black may cause both transient and perm anent lung dam age and skin irritation. Particulate polycylic organic material (PPOM), polynuclear aromatic hydrocarbons (PNA’s), and PAH’s are term s frequently encountered in the literature and sometimes used interchangeably to describe various products o f the petroleum  and petrochemical industries. Some o f these aromatic hydrocarbons, such as3,4-benzpyrene, pyrene, and 1,2-benzpyrene are form ed during carbon black m anufacture and their adsorption on the carbon black could pose a risk o f cancer after exposure to the carbon black.
Section 1 - Environmental (Workplace Air)
(a) Concentration
Occupational exposure to carbon black shall be controlled so that employees are not exposed to carbon black at a concentration greater than 3.5 milligrams per cubic m eter o f air (3.5 m g/cu m), or to PAH’s at a concentration greater than 0.1 milligram, m easured as the cyclohexane-extractable fraction, per cubic m eter o f air (0.1 m g/cu  m), determ ined as time-weighted average (TWA) concentrations for up to a 10-hour workshift in a 40-hour workweek.
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(b) Sampling and Analysis
Environmental samples shall be collected and analyzed as described in Appendices I and II or by any m ethod at least equivalent in accuracy, precision, and sensitivity.
Section 2 - Medical
Medical surveillance shall be m ade available as outlined below to all employees occupationally exposed to carbon black.
(a) Preplacem ent or initial examinations shall include at least:
(1) Com prehensive medical histories with special emphasis directed towards identifying existing disorders o f the respiratory system, heart, and skin; com prehensive work histories to determ ine previous occupational exposure to potential respiratory and skin irritants and pulmonary carcinogens; and smoking and tobacco histories.
(2) Physical examination giving particular attention to the upper and lower respiratory tract, heart, skin, and mucous m em branes o f the oral cavity. Skin and oral examinations should pay particular attention to any pretum orous and tum orous lesions.
(3) Specific clinical tests, including at least a 35- x 42-cm posteroanterior and lateral chest roentgenogram  and pulmonary function tests including forced vital capacity (FVC), forced expiratory volume in 1 second (FEV 1) electrocardiogram s (ECG’s) and sputum  cytology.
(4) A judgm ent o f the em ployee’s ability to use positive and negative pressurerespirators.
(b) Periodic examinations shall be m ade available at least annually. Roentgenographic examinations shall be made available for workers occupationally exposed to carbon black containing greater than 0.1% PAH’s annually and for workers occupationally exposed to carbon black containing less than 0.1% PAH’s every 3 years. These examinations shall include at least:
(1) Interim  medical and work histories.
(2) Physical examination and clinical tests as outlined in (a)(2) and (a)(3) o f thissection.
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(c) During examinations, applicants o r employees found to have medical conditions, eg, respiratory im pairm ent or dermatitis, that m ight be directly o r indirectly aggravated by exposure to carbon black shall be counseled on the increased risk o f im pairm ent o f their health from working with this substance. Applicants o r employees should also be counseled on the increased risk from smoking during carbon black exposure.
(d) In the event o f contam ination o f wounds or cuts by carbon black, the contam inated area should be promptly and thoroughly cleaned o f carbon black and appropriately dressed to prevent further contamination.
(e) Pertinent medical records shall be m aintained for all employees occupationally exposed to carbon black. Such records shall be kept for at least 30 years after the last occupational exposure to carbon black. These records shall be m ade available to the designated medical representatives o f the Secretary o f Health, Education, and W elfare, o f the Secretary o f Labor, o f the employer, and o f the employee or form er employee.
Section 3 - Labeling and Posting
Employers shall make sure that all labels and warning signs are printed both in English and in the predom inant language o f non-English-reading workers. W orkers unable to read the labels and posted signs provided shall be inform ed in an effective m anner o f  hazardous areas and o f the instructions printed on the labels and signs.
(a) Labeling
Containers o f carbon black shall carry labels with the tradem arks, ingredients, and information on the possible effects on hum an health. T he  pertinent inform ation shall be arranged as follows:
CARBON BLACK MAY CAUSE SKIN AND RESPIRATORY IRRITATION
Use only with adequate ventilation.Avoid breathing dust.Avoid contact with eyes o r skin.Report any skin irritation to your supervisor.Store away from open flames and oxidizers - Com bustion products may be harmful.




(1) The following warning sign shall be posted in readily visible locations at o r near all entrances to areas where carbon black is produced, stored, or handled:
CARBON BLACK MAY CAUSE SKIN OR RESPIRATORY TRACT IRRITATION
Use only with adequate ventilation.Avoid breathing dust.Avoid contact with skin or eyes.
(2) If respirators are required for protection from carbon black o r PAH’s, the following statem ent shall be added to the sign required in Section 3(b):
RESPIRATORY PROTECTION REQUIRED IN TH IS AREA
(3) If  concentrations o f PAH’s (cyclohexane extractable materials) are above 0.1% , the following statem ent shall be added to the sign required in Section 3(b):
SUSPECT CARCINOGEN
Section 4 - Personal Protective Clothing and Equipm ent
The employer shall use engineering controls when needed to keep the concentration o f airborne carbon black and PAH’s at o r below the environm ental limits specified in Section 1(a).
(a) Respiratory Protection
(1) Compliance with the permissible exposure limits may be achieved by the use of respirators during the time necessary to install o r test the required engineering controls, during perform ance o f nonroutine m aintenance o r repair, and during emergencies.
(2) W hen a respirator is perm itted or required it shall be selected and used in accordance with the following requirem ents:
(A) T he respirator shall be selected in accordance with the specifications in Table 1-1 and shall be those approved by NIOSH or the Mine Safety and Health Administration (MSHA) as specified in 30 CFR 11.
(B) T he employer shall establish and enforce a respiratory protection program  m eeting the requirem ents o f 29 CFR 1910.134, and shall ensure that employees use required respiratory protective equipm ent.
(C) Respirators specified for use in higher concentrations o f carbon black or PAH’s may be used for lower concentrations.
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(D) The employer shall ensure that respirators are adequately cleaned, maintained, and stored in a dust free condition and that employees are instructed and drilled at least annually in the proper use, fit, and testing for leakage o f respirators assigned to them.
(E) Respirators shall be easily accessible, and employees shall be inform ed oftheir location.
(b) Protective Clothing
(1) T he employer shall provide and shall require employees working with carbon black to wear appropriate full-body clothing, with elastic cuffs at the wrists and ankles, gloves, and shoes, which are resistant to penetration by carbon black to minimize skin contact with carbon black.
(2) T he employer shall ensure that, at the concentration o f the workshift, all clothing is removed only in the change rooms prescribed in Section 7(d).
(3) T he employer shall ensure that contam inated protective clothing that is to be cleaned, laundered, or disposed o f is placed in a closed container in the change room.
(c) Eye Protection
Chemical safety goggles shall be provided to employees experiencing eye irritation during exposure.
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TA B L E  I-l
R E S P IR A T O R  S E L E C T IO N  G U ID E  F O R  C A R B O N  BLACK
C o n cen tra tion  R esp ira to r T ype A pproved  u n de r Provisions o f 30 C F R  11
C yclohexane ex trac tab le  con ten t less than  
o r equal to  0.1 m g /cu  m and  carb o n  black 
concen tration :
Less th a n  o r equal to  18 m g /cu  m 
Less th a n  or equal to  35 m g /cu  m
Less than  o r equal to  180 m g /cu  m
G reater than  180 m g /cu  m 
o r E ntry  in to  area  o f unknow n concen tra tion
C yclohexane ex trac tab le  con ten t g reater 
than  0 .1 m g /cu  m regardless o f  carbon  black concen tra tion
Single-use o r qu arte r-m ask  d u st resp ira to r
(1) H alf-m ask dust resp ira to r(2) A ny supp lied -air re sp ira to r w ith  half-m ask facepiece
(1) Full-facepiece high-efficiency particu la te  resp ira to r(2) Any supp lied -air o r self-contained b rea th in g  ap p ara tu s  w ith full 
facepiece
( 1) Self-contained b rea th in g  a p p a ra tu s  w ith full facepiece operated  in 
p ressure-dem and  o r o th e r positive pressure m ode(2) T ype C com bina tion  supp lied -air resp ira to r w ith full facepiece 
opera ted  in p ressure-dem and  m ode and  w ith aux iliary  self-contained a ir supply
(1) Self-contained  b rea th in g  a p p a ra tu s  w ith full facepiece opera ted  in pressure-dem and  o r o th e r positive pressure m ode(2) T ype C com bination  supp lied -air resp ira to r w ith full facepiece opera ted  in p ressure-dem and m ode and  w ith aux iliary  self-contained a ir supply
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(a) T he employer shall ensure that each employee assigned to work in an area where there is occupational exposure to carbon black is informed by personnel qualified by training or experience o f the hazards and relevant symptoms o f exposure to carbon black. W orkers shall be advised that exposure to carbon black may cause transient or perm anent lung damage or skin irritation, and that PAH’s pose a carcinogenic risk. T he instructional program  shall include a description of the general nature of the medical surveillance procedures and o f the advantages to T he employer shall also ensure that each employee is informed o f p roper conditions and precautions for the production, handling, and use o f carbon black. This inform ation shall be given to employees at the beginning o f employment and at least annually thereafter. Employees shall also be instructed on their responsibilities for following p roper work practices and sanitation procedures to help protect the health and provide for the safety o f themselves and o f fellow employees.
(b) The employer shall institute a continuing education program , conducted by persons qualified by experience or training, to ensure that all employees have current knowledge o f job  hazards, proper maintenance and cleanup methods, and p roper respirator use. As a minimum, instruction shall include the information on the Material Safety Data Sheet (Appendix III), which shall be posted in locations readily accessible to employees at all places o f employment where exposure to carbon black may occur.
(c) Required information shall be recorded on the ‘Material Safety Data Sheet” shown in Appendix III or on a similar form approved by the Occupational Safety and Health Administration, US Departm ent of Labor.
Section 6 - Work Practices
(a) Control o f Airborne Carbon Black
Engineering controls, such as process enclosure and local exhaust ventilation, shall be used when necessary to keep concentrations o f airborne carbon black and PAH’s at o r below the recom m ended environm ental limits. Ventilation systems shall be designed to prevent the accumulation or recirculation o f carbon black o r PAH’s in the workplace environm ent and to effectively remove it from the breathing zones o f employees. In addition to good local exhaust ventilation, maintenance o f a slight negative pressure in all enclosed systems that handle dry carbon black may be needed so that when a leak develops, carbon black is contained within the system. Exhaust ventilation systems discharging to the outside air shall conform to applicable local, state, and Federal air pollution regulations. Contam inated exhaust air shall not be recirculated into the workplace. Ventilation systems should be inspected annually and shall receive regular preventive maintenance and cleaning to ensure their continuing effectiveness and maintenance o f design airflows. Airflow indicators, eg, oil or water m anom eters, should be used for continuous m onitoring of the airflow.
(b) Control o f Spills and Leaks
Only personnel properly trained in the procedures and adequately protected against the attendant hazards shall be assigned to shut off sources o f carbon black, clean up spills, and repair leaks. Dry sweeping should be avoided. Cleanups shall be perform ed by vacuuming or by hosing down with water.
Section 5 - Informing Employees o f Hazards from Carbon Black
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(c) Handling and,Storage
All direct contact with carbon black should be avoided. Care should be exercised in handling carbon black to minimize spills. Carbon black should be stored in leakproof containers and away from open flames and oxidizers. O pen flames shall be prohibited in all areas o f unprotected  carbon black handling and storage.
(d) W aste Disposal
W aste material contam inated with carbon black shall be disposed o f in a m anner that does not expose employees at air concentrations above the occupational exposure limits. T he disposal m ethod m ust conform to applicable local, state, and Federal regulations and m ust no t constitute a hazard to the surrounding population o r environm ent.
(e) Confined Spaces
(1) Entry into confined spaces, such as tanks, process vessels, and tunnels, shall be controlled by a perm it system. Permits signed by an authorized representative o f the employer shall certify that preparation o f the confined space, precautionary m easures, and personal protective equipm ent are adequate and that prescribed procedures will be followed.
(2) Confined spaces that have previously contained carbon black shall be inspected and tested for the presence o f excessive concentrations o f carbon m onoxide, and the tem perature shall be measured.
(3) Confined spaces shall be ventilated while work is in progress to keep the concentrations o f carbon black o r PAH’s and other air contam inants below the workplace occupational exposure limits and to assure an adequate supply o f oxygen. Air from the confined spaces shall be discharged away from any work area. W hen ventilation cannot keep the concentrations o f carbon black o r PAH’s and o ther air contam inants below the recom m ended occupational exposure limit, respiratory protective equipm ent shall be used in accordance with the provisions o f Table 1-1.
(4) Any employee entering confined spaces where the concentration o f carbon black o r PAH’s may exceed the environm ental limits o r where o ther air contam inants are excessive or where oxygen is deficient shall wear appropriate respiratory protection, a suitable harness, and a lifeline tended outside the space by another employee also equipped with the necessary protective equipm ent. T he two workers shall be in constant com munication by some appropriate means.
(f) T he employer shall designate all areas where there is occupational exposure to carbon black containing concentrations o f cyclohexane-extractable materials g reater than 0.1%  as regulated areas. Only properly trained and authorized employees shall be perm itted in such areas. Daily rosters shall be made o f all persons who enter regulated areas.
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(a) Eating, preparing, storing, o r the dispensing o f food (including vending machines) shall be prohibited in all work areas where exposures to carbon black may occur.
(b) Smoking shall be prohibited in all the work areas w here there is occupational exposure to carbon black.
(c) Employees who handle carbon black or who work in an area where they are exposed to carbon black shall be instructed to wash their hands with soap o r skin cleaners and water before using toilet facilities, drinking, eating, or smoking and to shower o r bathe using soap or o ther skin cleansers at the end o f each workshift before leaving the work premises.
(d) T he  employer shall provide change room s equipped with shower facilities, and separate storage facilities for street clothes and for protective clothing and equipm ent. T he  change rooms shall be in a nonexposure area.
Section 7 - Sanitation Practices
Section 8 - M onitoring and Recordkeeping
(a) Industrial Hygiene Surveys
Each employer who manufactures o r uses carbon black shall determ ine by an industrial hygiene survey if there is occupational exposure to it. Surveys shall be repeated at least annually and within 30 days o f any process change likely to result in an increase in the concentrations o f airborne carbon black, airborne PAH’s, or the concentration o f PAH’s in the bulk carbon black. Records o f these surveys, including the basis for any conclusion that the concentrations o f carbon black or PAH’s do not exceed the recom m ended environm ental limits, shall be retained for at least 30 years.
(b) Personal M onitoring
If there is occupational exposure to carbon black, a program  o f personal m onitoring shall be instituted to measure o r perm it calculation o f the exposures o f all employees.
(1) Each operation in each work area shall be sampled at least once every 6 months.
(2) In all personal m onitoring, samples representative o f the breathing zones o f the employees shall be collected.
(3) For each determ ination, a sufficient num ber o f samples shall be taken to characterize the employees’ exposures during each workshift. Variations in work and production schedules and in employees’ locations and jo b  functions shall be considered in choosing sampling times, locations, and frequencies.
(4) If  an employee is found to be exposed to carbon black o r PAH’s in excess o f the recom m ended concentration limits and this is confirmed, the employee shall be notified o f the
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extent o f the exposure and o f the control m easures being im plem ented. C ontrol m easures shall be initiated promptly. W hen they effectively reduce the em ployee’s exposure to the TWA limit(s) o r below and this is confirm ed by two consecutive determ inations at least 1 week apart, routine m onitoring may then be resumed.
(c) Recordkeeping
Records o f workplace environm ental m onitoring shall be kept for at least 30 years. These records shall include the dates and times o f m easurem ents, jo b  function and location o f the employee within the worksite, methods o f sampling and analysis used, types o f respiratory protection in use at the time o f sampling, TWA concentrations found, and identification o f the exposed employees. Employees shall be able to obtain inform ation on their own workplace environm ent exposures. Workplace environm ental m onitoring records shall be made available to designated representatives o f the Secretary o f Labor and o f the Secretary o f Health, Education, and Welfare.
Pertinent medical records shall be retained by the em ployer for 30 years after the last occupational exposure to carbon black ends. Records o f environm ental exposures applicable to an employee should be included in medical records. These medical records shall be m ade available to the designated medical representatives o f the Secretary o f Labor, o f the Secretary o f Health, Education, and Welfare, o f the employer, and o f the employee o r form er employee.
10
II. INTRODUCTION
This report presents the criteria and recom m ended standard based thereon that were prepared to m eet the need for preventing impairm ent o f health from occupational exposure to carbon black. T he criteria docum ent fulfills the responsibility o f the Secretary o f Health, Education, and Welfare, under Section 20(a)(3) o f the Occupational Safety and H ealth Act o f 1970 to “develop criteria dealing with the toxic materials and harmful physical agents and substances which will describe.. .exposure levels at which no employee will suffer im paired health o r functional capacities or dim inished life expectancy as a result o f his work experience.”
After reviewing data and consulting with others, NIOSH formalized a system for the developm ent o f criteria on which standards can be established to protect the health and to provide for the safety o f employees exposed to hazardous chemical and physical agents. T he  criteria and recom m ended standard should enable m anagem ent and labor to develop better engineering controls and m ore healthful work practices, and simply complying with the recom m ended standard should not be the final goal.
These criteria for a standard for carbon black are part o f a continuing series o f criteria developed by NIOSH. T he proposed standard applies to the production, processing, distribution, storage, and use o f carbon black. T he standard is not designed for the population-at-large and its application to any situation o ther than occupational exposures is not warranted. It is intended to (1) protect against the possible developm ent o f cancer and o ther health effects such as the irritation o f skin and respiratory tract associated with occupational exposure to carbon black, (2) be measurable by techniques that are valid, reproducible, and available to industry and governm ent agencies, and (3) be attainable with existing technology.
Based on a review o f toxicologic and epidemiologic studies, there is evidence to suggest that carbon black may cause adverse pulmonary and heart changes. Carbon black also has the capability o f adsorbing various PAH’s, which may pose a cancer risk. Also, skin effects have been reported  after persons had contact with carbon black. However, the available toxicologic and epidemiologic information has deficiencies. So further scientific research should be conducted to confirm the pulmonary, heart, and skin changes attributable to carbon black exposure. T he cancer risk from carbon black exposure should also be m ore clearly defined.
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III. BIOLOGIC EFFECTS OF EXPOSURE
Carbon black has been defined by the American Society for Testing and Materials [1] as a “material consisting o f elemental carbon in the form o f near-spherical colloidal particles and coalesced particle aggregates o f colloidal size, obtained by partial com bustion o r thermal decomposition o f hydrocarbons.” It can be distinguished from o ther commercial carbons, such as coke and charcoal, by its finely particulate nature and by characteristics o f the particles observable by electron microscopy, eg, shape, structure, and degree o f fusion [2].
Carbon black is made either by partial com bustion o r therm al decom position o f liquid or gaseous hydrocarbons in a limited air supply [2]. Carbon black is classified as furnace, thermal, or channel depending on the manufacturing process. Furnace black is produced in a continuous process by burning oil, natural gas, or a m ixture o f the two in a refractory-lined furnace with a deficiency o f air. Therm al black is produced in a cyclic process by the therm al decom position of natural gas in two checkerbrick type furnaces. Channel black is made by im pingem ent o f underventilated natural gas flames on a cool surface such as channel iron; the black is deposited on the cool surface. Because the price o f natural gas rose and pollution control was difficult, channel black production in the United States decreased during the last few years and ended in Septem ber 1976. Several foreign reports (see Effects on Humans) indicated that carbon black has also been produced from anthracene oils, coal tar or cycloparaffms. T he extent o f use o f such materials in the United States for producing carbon black is unknown.
Carbon black is essentially 88-99.5% elemental carbon, 0.4-11% oxygen, and 0.05-0.8% hydrogen (residual hydrogen from the hydrocarbon raw material) (see Table X II-1) [2]. T he hydrogen is m ore or less evenly distributed by true valence bonds on the carbon atoms, which leads to an unsaturated state. Carbon black contains 0.06-18% volatile m atter or chemisorbed oxygen on the carbon surface in the form o f carbon-oxygen complexes, which are removable only by heating to above 900 C. T he am ount o f chemisorbed oxygen influences certain properties of the carbon black. For example, as the chemisorbed oxygen increases, the carbon black becomes m ore hydrophilic and its water sludge m ore acidic [3]. This is very im portant in the production o f different grades o f rubber.
Carbon black may also contain 0.01-0.2% sulfur, 0.01-1% ash (mainly soluble salts o f calcium, magnesium, and sodium), and 0.1-1.5% material extractable by refluxing with organic solvents and containing a num ber o f complex organic com pounds (Table XII-1) [2]. Particulate polycyclic organic material (PPOM), polynuclear aromatic hydrocarbons (PNA’s), and polycyclic aromatic hydrocarbons (PAH’s) are terms frequently encountered in the literature reviewing carbon black and various petroleum  products. PPOM refers to condensed aromatic hydrocarbons normally arising from pyrolysis o f organic m atter [4], PAH’s (also referred to in the literature as PNA’s) in the occupational environm ent can result from heavy petroleum  fractions and other materials. In most o f the furnace blacks, PAH com pounds such as pyrene, fluoranthene,3.4-benzpyrene, anthanthrene, 1,2-benzpyrene, 1,12-benzperylene, and coronene have been found [5], Analysis o f N-339 type oil furnace black revealed 23 ppm  o f 3,4-benzpyrene and 92 ppm of coronene; analysis o f N-990 type medium thermal black showed 192 ppm  of3.4-benzpyrene and 472 ppm of coronene [3]. In one type o f SRF-carbon black made in 1964, which, according to the authors, was “not typical” o f furnace blacks, anthracene (1.23 ppm),
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phenanthrene (4.5 ppm), fluoranthrene (6.5 ppm), pyrene (45.8 ppm), 1,2-benzanthracene (0.82 ppm), chrysene (3.19 ppm), 1,12-benzperylene (38.9 ppm), phenylene (0.86 ppm) anthanthrene (149.42 ppm), coronene (94.6 ppm), 9,10-dim ethyl-1,2-benzanthracene (1.5 ppm),1,2-benzpyrene (10.5 ppm), 3,4-benzpyrene (6.5 ppm), and o-phenylene pyrene (7.8 ppm) were detected [6]. O f these PAH’s, the last four were pointed out by Quazi and Nau [6] to be known carcinogens, with a summed concentration o f 26.3 ppm. If  one adds to these the o ther six com pounds listed in N IOSH ’s list o f suspected carcinogens [7], one obtains a total concentration o f 88.4 ppm  of possibly carcinogenic materials in this sample o f carbon black.
Thus, it is apparent that the PAH’s in carbon blacks vary both qualitatively and quantitatively depending on the type and grade o f the carbon blacks and possibly the type o f raw materials used for their production. Analysis o f a typical rubber grade, N-774 type, oil-furnace black also found trace amounts o f phenol (0.6 ppm); lead (2.7 ppm); cyanides, mercury, cadmium, beryllium, and cobalt (<0.05 ppm); and antimony, arsenic, barium, bism uth, chromium, selenium, thallium, vanadium, and molybdenum (<0.5 ppm) [3].
Lampblack, acetylene black, charcoal, bone black, and graphite have been confused previously with carbon black by a num ber o f investigators. Some o f the characteristics used to distinguish these carbonaceous materials from carbon black include particle size, physical structure, surface area, and percentage o f carbon [8]. T he particle size o f these materials varies considerably. Charcoal, boneblack, and graphite are ground to a predeterm ined mesh size, such as 325 (44 jum). T he o ther materials have particle size ranges (nm) as follows: channel black, 8-30; furnace black, 18-80; acetylene black, 40-50; fine therm al black, 160-190; medium therm al black, 450-500; and lampblack, 65-100. T he reinforcing properties and color intensity o f carbon black depend primarily on particle size. T he therm al carbon blacks have a larger particle diam eter than the furnace carbon blacks [2]. Generally, the smaller diam eter carbon black particles im part a greater degree o f reinforcem ent and abrasive resistance to rubber. Hence, the furnace carbon blacks possess a high degree o f rubber reinforcem ent and abrasive resistance and may be used in various parts o f a tire, while the larger particle diam eter therm al carbon blacks provide a low degree o f rubber resistance and are used in such rubber products as gaskets, mats, and mechanical goods. Also, the larger diam eter carbon black particles have a larger surface area providing a better opportunity for adsorption o f various materials [2].
Carbon black and other carbonaceous materials have different surface areas/unit volume [8], Generally, the surface area/unit volume o f substances increases as the particle size decreases. However, because they are porous, charcoals have a very large surface area relative to carbon black. A nother characteristic distinguishing these materials is structure. Microscopic hexagonal crystallites oriented randomly are characteristic o f carbon black, while the carbon atoms of graphite are arranged in sheets o f regular hexagons.
T he only chemical difference that has been thoroughly investigated in these materials is their percentage of carbon [8]. A partial explanation for this is that their use in industry depends on their physical rather than their chemical properties. T he percentages o f carbon are: channel black, 85-95; furnace black, above 99; thermal black, 95-99.5; lampblack, 90-99; charcoal, 50-95; bone black, 10-20; and graphite, 78-99.
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Extent o f Exposure
In 1976, eight companies operated 32 carbon black plants in the United States [9]. They produced 3,004 million pounds o f furnace and therm al black and sold 3,035 million pounds, 111 million o f them to foreign countries. O f the 2,924 million pounds sold domestically, 2,720 million (93%) were used in pigm enting and reinforcing rubber, 80 million in inks, 19 million in paints, and 3 million in paper. T he rem aining 102 million pounds were used in plastics, ceramics, foods, chemicals, and o ther miscellaneous products and in metallurgic processes like carburization. It is estimated that about 67% of the carbon black sold to the rubber industry was used by tire manufacturers.
W orker exposure to carbon black may occur during production, collection, and handling o f the substance, particularly during pelletization, screening, packaging, stacking, loading, and unloading [10]. Exposure may also occur when cleaning equipm ent, when leaks develop in the conveyor system, and from spills. Table XII-2 is a list o f primary occupations in which carbon black exposure occurs. NIOSH has estim ated that 35,000 employees were engaged in operations that involve direct or indirect exposure to carbon black.
Historical Reports
In 1929, Borchardt [11] reported  on lung effects in five rabbits exposed to carbon black, 1 hour/day, for 14 months. Exposure concentrations o f carbon black were not included in the report. Examination o f lung sections by microscope at 4 and 9 m onths after exposure began showed several inflammatory pus-filled foci and m acrophages containing the carbon black in the alveoli and secondary lymph nodes. Pronounced accumulation o f the carbon black dust in the hilar lymph nodes was found after 14 m onths o f exposure. No evidence o f lung fibrosis was observed, and Borchardt stated that the self-cleansing o f the lungs by lymph washing was high.
Effects on Humans
Most reports describing the effects o f carbon black on humans have dealt with pulm onary effects, while a few dealt with the effect on oral mucosa, skin, and heart. W hether carbon black is the causative agent o f the observed health effects is sometimes uncertain because o f the prevalence o f both mixed exposures and confusion in the definition o f the term  “carbon black.” Also, the environm ental concentrations at which people are exposed have seldom been given, and those concentrations that are available are for total dust ra ther than for carbon black alone.
Kareva and Kollo [12], in 1961, described roentgenographic changes in chests o f 89 USSR carbon workers who had been exposed to carbon black containing particles m easuring 10-400 nm, high tem peratures, and carbon m onoxide in their work environm ent. O f these 89 workers, 34 had worked for up to 5 years, 26 for 5-10 years, and 29 for 10-17 years.
O f the 34 with less than 5 years o f experience working with carbon black, the films o f 5 aged29-38 years, who had worked in a dusty operation for 4 years, showed some deform ation o f the pulmonary outline and the presence o f limited microalveolar form ations [12]. A fresh tubercular process was found in 1 o f these 34 workers, while 7 others had old fibrofocal pulmonary tuberculosis.
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O f the 26 workers with 5-10 years o f exposure, fine loop-like fibrotic changes with isolated nodular formations were found in the roentgenogram  of 1 who had been exposed to carbon black for 9 years [12]. Fine loop-like deform ations o f the pulm onary outline were noted  in the middle region o f chest X-ray films o f six workers, five who were 33-37 years old and one who was 48 years old. All six o f these persons, who had worked for 7-9 years, were suspected o f having pneumoconiosis. In five workers, old fibrofocal pulm onary tuberculosis was detected. In the remaining 14 workers o f this group, who were 28-56 years old, the only change found in the pulmonary outline was a linear shadow of thickened interlobar pleura in 4.
O f 29 who had been engaged in carbon black production for 10-17 years, stage I pneumoconiosis was found in 3 who had worked for 11-13 years [12]. T heir chest X-ray films revealed an increased transparency o f the lung tissue with reinforcem ent and deform ation o f the pulmonary outline. Fibrotic m icroreticular changes with consolidated foci 2-3 mm in diam eter were found in the middle o f both lungs and to a lesser degree in the lower region. T he fibrotic changes were m ore pronounced on the right side. Nine workers in this group were suspected o f having pneumoconiosis because they had deform ation and reinforcem ent o f the pulm onary outline and m icroreticular fibrosis in the middle o f the lungs; four o f them also showed thickened interlobular pleura, and two of them had egg shell type changes in lymph nodes and thickening o f the bronchial walls. T hree o f the nine subjects suspected o f having pneumoconiosis also had old fibrofocal pulmonary tuberculosis. All the workers suspected o f having pneumoconiosis were 28-37 years of age. O f the 17 m embers o f this group not showing or suspected o f having pneumoconiosis, 1 had pronounced emphysema, 4 had old fibrofocal tuberculosis, and 1 had a fresh tubercular process.
The authors [12] noted that, although none o f the changes in chest X-ray films were characteristic o f carbon black exposure alone, the degree o f change was a function o f the duration o f exposure in a dusty environm ent. Since the pneumoconiosis observed in these workers was not very severe, Kareva and Kollo assumed that it evolved benignly. T he authors also stated that carbon black had effects on the body and that it was not possible to correlate dust levels, exposure to carbon black, and tubercular infections.
Komarova [13], in 1965, reported  on adverse effects on the health o f carbon black workers who packaged active and semiactive furnace and lamp blacks in the USSR. Coal tar pitch distillate was used in the production o f active and semiactive carbon blacks. More than 80 workers, mostly 30-40 years old, were studied. Fifty-six percent o f these workers had 1 year or less o f work experience, 24% had 2-4 years, 8.5% had 5-10 years, and 8.5% had over 10 years. T he work experience o f the remaining 3% was not presented. T hese workers were exposed at dust concentrations of 10-1,000 m g/cu m and at carbon m onoxide concentrations o f 5-120 m g/cu  m. Although the overall morbidity o f all the carbon black plant workers decreased by 23% in 2 years, packaging workers experienced a morbidity increase o f two or m ore times, so that 95% o f the workers had been ill at the end of the 2-year observation period. T he  workers involved in packaging carbon black had increased morbidity from heart disease, influenza, mucous mem brane inflammation, and oral and skin diseases; women also had an increased incidence o f unidentified diseases of the reproductive organs. W orkers who packaged lamp and furnace blacks had higher morbidity than those packaging active or semiactive carbon blacks; they also suffered from acute gastrointestinal diseases and bronchitis.
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Periodic physical examinations found no abnormalities in 8% of the workers in the packaging departm ent [13]. T he  remaining 92% com plained o f dryness and tickling in the throat, reduced senses o f smell and hearing, skin irritation after showering, o r discolored sputum  and stools. Komarova attributed the dermal effects on these workers to the irritative properties o f carbon black. T he greatest percentage o f workers had changes in the upper respiratory tract and ears, and almost half showed evidence o f bronchitis, pneum osclerosis, o r myocardial dystrophy. Decreased functional capabilities o f the cardiovascular and respiratory systems were found m ore frequently in workers with over 5 years o f exposure, but according to Komarova, the workers with 2-4 years o f work experience had the greatest num ber o f abnormalities. Komarova reported  that the blood carboxyhemoglobin concentration was 13% in the packaging departm ent workers and 9% in an unspecified control group. She believed that a carboxyhemoglobin concentration over 10% was associated with carbon m onoxide intoxication and hence indicated potential harm  to the workers. Disturbing features o f this report include high but unexplained carboxyhemoglobin levels in controls, and the lack o f information on procedures for the diagnosis o f such effects as pneumosclerosis and myocardial dystrophy. With the high concentrations o f airborne carbon black an d /o r carbon monoxide alluded to, pulmonary and cardiovascular effects might be expected. However, the specific effects noted  need m ore description and confirm ation before being attributed to carbon black.
Komarova and Rapis [14], in 1968, reported  the condition o f the respiratory systems o f USSR carbon black workers. T he authors stated that a significant num ber o f workers in the plant complained o f cough with expectoration, shooting pains in the chest, breathing difficulties, and headaches; they did not explain their basis for attributing significance to these effects, w hether comparison with a control group or some o ther basis. Physical examination revealed indications o f bronchitis, emphysema, signs o f pneumoconiosis, and enlarged lymph nodes. T he authors stated that no significant lung changes were noticeable on fluorography. A total o f 66 workers (64% women and 36% men) mainly 35-40 years old were examined; 20 had worked with carbon black for 3-6 years, 15 for years, and 31 for m ore than 9 years. Fifty-two o f these, 14 who had worked for 3-6 years, 13 who had worked for 6-9 years, and 25 who had worked for 10-16 years, were examined by spirography and teleroentgenography. N one o f the examined workers had any history o f pulmonary, cardiovascular, nervous, o r gastrointestinal diseases or o f hyperthyroidism. T he cardiothoracic ratios (ratio o f the sum o f the diameters o f the right and left ventricles to the sum of the width o f the right and left pulm onary fields above the diaphragm) were determ ined during the Valsalva maneuver and under norm al conditions. In healthy subjects, this ratio is always higher under normal conditions than during the Valsalva maneuver. In subjects with pneumoconiosis, these indices are nearly identical o r even reversed because o f loss o f pulmonary elasticity.
In 17.9% o f those tested, the breathing rate was increased, and in 31.3% , the respiratory volume was decreased [14]. Fifty-five percent had a 12-80% reduction in m inute volume associated with a 5-27% increase in oxygen consum ption/m inute. Vital capacity was reduced in 27% , and maximum pulmonary ventilation was reduced in 35.2%. Hyperventilation was seen in 27% o f the workers. When the individual indices o f pulmonary function were com pared, evidence o f oxygen deficit was found in 53% o f the workers, primarily in those with 10-16 years o f work experience with carbon black. Although hyperthyroidism was not found in any o f the workers, 70.5% o f those examined had a 21-25% increase in basal metabolism.
O f the 14 workers with 3-6 years o f exposure, the chest roentgenogram s o f 5 showed pneum osclerotic changes in the middle and lower regions o f the lungs [14]. T heir cardiothoracic
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ratios also indicated a decrease in pulmonary ventilation indices. O f the 13 workers with 6-9 years o f work experience, 1 showed evidence o f stage I pneumoconiosis, which was characterized by interstitial sclerosis in the middle and lower lung regions and radial opacities extending to the lung root. T he nodular changes were primarily confined to the middle region. T he cardiothoracic ratios o f this worker under norm al conditions and during the Valsalva maneuver were identical, indicating a loss o f lung elasticity. Five additional workers o f this group had incipient pneumoconiosis, which was characterized by reticular looped interstitial sclerosis, primarily in the lower region o f the lungs. Based on cardiothoracic ratio analysis, the ventilation indices o f the group were decreased. O f the 25 subjects with 10-16 years o f  exposure to carbon black, 6 had signs o f stage I pneumoconiosis. T he cardiothoracic ratios o f two were lower under normal conditions than during the Valsalva test, indicating decreased lung elasticity. Eight others o f this group had incipient pneumoconiosis. T he ventilation indices o f these eight subjects were reduced. T here  were no differences am ong the three exposure groups in either vital capacity o r maximum pulmonary ventilation. T he authors concluded from their investigation that diffuse, sclerotic-type pneumoconiosis could be found in workers engaged in carbon black production for 10-16 years. O ne o f 10 workers with 6-9 years o f experience also had signs o f pneumoconiosis, which suggests that increasing duration o f exposure may be associated with increasing risk.
T he authors [14] did not adequately describe the basis for many o f the com parisons o f the data presented in this report. They did not state if the spirom etric indices were age-adjusted or whether allowance was made for o ther possible determ inants o f  toxic effects such as smoking.
Komarova [15], in 1973, presented the results o f a study o f the health effects experienced by workers in three carbon black plants producing active and semiactive lamp and spray furnace blacks from liquid raw materials in the USSR. T he num bers o f workers exposed to the four different carbon blacks were not given. T he furnace black contained adsorbed carbon monoxide and 3,4-benzpyrene in concentrations ranging from traces to 0.003% . T he  furnace black workers in this study were also exposed to carbon monoxide, which was at o r above the maximum permissible concentration (MPC) o f 20 m g/cu m in 74% o f the samples, to hydrocarbons, which exceeded the MPC o f 300 ppm  in 13.5% o f the samples, and to dust (presumably predom inantly carbon black), which exceeded the MPC o f 10 m g/cu m in 75% o f the cases. In  general, furnace black workers spent up to 80% o f their time at these concentrations o f dust and carbon monoxide, and packers o f lamp and spray blacks spent 93.8% o f their time.
Although no specific data were given, Komarova [15] stated that a study o f the lost time morbidity o f various carbon black workers revealed that the highest time-loss morbidity occurred in packers, loaders, granulator operators, and transportation device operators. These workers were exposed primarily to carbon black dust and carbon monoxide.
Physical examination o f 643 workers revealed health problem s in m ore than half [15]. In addition to the clinical pictures previously reported  [13,14], these workers com plained o f general weakness and malaise. According to the author, complaints were m ost common in persons who had worked in dusty operations for 6 years o r more. Bronchitis was diagnosed in 30.2% o f the workers. Undescribed functional changes in the ear, nose, throat, and lungs occurred in 75%. Blood analysis revealed leukopenia, leukocytosis, an elevated erythrocyte count, and an increased erythrocyte sedim entation rate.
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Pulmonary function was further studied with a spirograph in 51 workers with 3-22 years o f exposure to carbon black [15]. Thirty-four had changes in pulm onary function, including a 22% reduction in vital capacity. W hen workers engaged in dusty operations breathed oxygen, respiratory frequency, depth, and m inute volume decreased and oxygen consum ption increased. Chest roentgenogram s revealed early signs o f pneum osclerosis in 18 workers. Chest roentgenogram s of seven workers showed the intense imaging o f pulm onary stroma and the characteristic reticular loop-shaped structures, mainly in the middle and lower areas o f the lungs, o f stage I pneumoconiosis. T he author com pared the carboxyhemoglobin concentrations o f 136 experimental subjects who were presumably exposed to carbon black with those o f 37 control subjects, who were presumably not exposed. T he mean concentration o f carboxyhemoglobin of plant workers was 8.4 ±0.6%, that o f controls 5.7 ±0.7%. T he carboxyhemoglobin concentration increased by about 26% by the end o f the workweek. W ith prolonged exposure (unspecified) it decreased by about 2% although the actual concentration (7.70 ±7%) rem ained above that o f the controls.
Komarova [15] concluded that the m ajor health hazard in the production o f carbon black was exposure to carbon black dust and carbon monoxide, and that prolonged exposure can lead to the developm ent of a diffuse sclerotic type o f pneumoconiosis. T herefore, she recom m ended that the production o f carbon black be completely autom ated to minimize worker exposure and consequent health effects. This report is a summary o f dissertations from several o f her students; im portant details missing from this report may have been described in the theses themselves which are unavailable.
G abor et al [16], in 1969, described the condition o f the respiratory system o f workers who produced furnace, thermal, or channel blacks in Rumania. T he num ber o f employees working with each carbon black and the age, sex, and length o f employment in carbon black production o f the workers were not presented. T he concentrations o f airborne anthracene were between 1.25 and 2.11 m g/cu m in the early stages o f production. T he 6-hour concentrations o f 3,4-benzpyrene,1.2.5.6-dibenzanthracene, chrysene, and 10,11-benzofluoranthene were 260-510, 64-705, 150-200, and 1,330-3,000 fxg/cu m, respectively, during therm al black production. During furnace black production, the 6-hour concentrations o f 3,4-benzpyrene, chrysene, and10.11-benzofluoranthene were 52, 70, and 300 Hg/cu m, respectively. In the channel black production area, the 6-hour concentration o f chrysene was 45 JLig/cu m and that of10.11-benzofluoroanthene was 480 Mg/cu m. Analysis o f the therm al black for 3,4-benzpyrene,1.2.5.6-dibenzanthracene, chrysene, and 10,11-benzofluoranthene content revealed 345, 331, 510, and 1,200 Mg/g> respectively. Furnace black contained 68 and 28 jug o f 3,4-benzpyrene and chrysene, respectively, in each g o f black, while the concentrations o f 1,2,5,6-dibenzanthracene and 10,11-benzofluoranthene were not detectable. Channel black contained no detectable amounts o f the four PAH’s.
O f the workers who producd carbon black, 72 were examined by roentgenogram s, and 82 were given pulmonary function tests, eg, vital capacity (VC), a function described only as MEVS (possibly FEV 1), bronchial caliber, alveolar m otor force, and partial pressure o f carbon dioxide in alveolar air [16]. Chest roentgenogram s revealed pneumoconiosis in 10 workers (13.9%), and nonspecific lung lesions indicated early pneumoconiosis in 5 (7%). T he chest X-rays o f these workers were described as showing small soft nodules in the hilar regions o f both lungs and clusters o f nodules throughout the lung fields. According to the authors, the frequency o f such lung lesions was highest in channel black workers, followed by furnace and therm al black workers. Although none o f the carbon black workers experienced labored breathing on exertion, VC and
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MEVS were less than 75% o f the theoretical values in 16.7-17.4% o f the workers. T he decrease in MEVS was reportedly greatest in therm al black workers. T he alveolar m otor force in all carbon black workers was 20-57% below the control values. This statem ent is the only m ention o f controls in the study. Alveolar hypoventilation was indicated by a partial pressure o f carbon dioxide greater than 45 mmHg following m oderate physical exercise in 16-24% o f all the carbon black workers examined, whereas 50% o f the therm al black workers had such signs.
G abor et al [16] believed that the carcinogenic hazard in carbon black production arises from handling anthracene oils and carburation residues that contain free PAH’s or from the polycyclic hydrocarbons desorbed from carbon black with tem peratures above 200 C or treating with solvents. While these investigations focused on the carcinogenic hazard associated with carbon black production, the authors did not specifically investigate the incidence o f cancer am ong these workers. T he  incidence o f pneumoconiosis in the carbon black workers does not appear to be related to either the concentration o f airborne polycyclic hydrocarbon o r the concentrations o f adsorbed polycyclic material in carbon blacks. W orkers engaged in thermal black production, which resulted in the highest concentrations o f airborne PAH’s, had the greatest decrease in MEVS and the highest incidence o f alveolar hypoventilation.
In 1970, Slepicka et al [17] described carbon black induced changes in persons who had worked in the production o f channel and furnace blacks from anthracene oils for m ore than 10 years in Czechoslovakia. Samples o f air analyzed during this period contained 8.4-29 mg o f dust/cu  m o f air and unspecified aromatics o f 100 and 150 m g/cu m. Analysis o f the ash content o f carbon black found no detectable am ounts o f silica.
O f 52 workers, 9 who had been exposed for 10-38 years (average 21.5) and were 45-60 years old (average 57.2) had changes in their chest X-ray films [17]. O f the nine, one had generalized noduladon, two had reticulation with developing nodulation, five had num erous and dense opacities dispersed over a larger portion o f the pulmonary field, and one had opacities up to 1.5 mm diam eter occupying at least two o f the upper intercostal areas but not extending beyond a third o f the pulmonary field.
Slepicka and coworkers [17] presented the results o f a detailed medical examination o f a 51-year-old man, a smoker, who had been exposed to carbon black for 20 years. Results o f his pulmonary function tests (FEV 1 and FVC) indicated a slight, obstructive, restrictive disorder o f the lungs. Microscopic examination o f a transthoracic pulm onary biopsy revealed accumulation o f large quantities o f black pigm ent that obliterated some of the alveoli with no evidence o f fibrosis. His chest X-ray films showed a generalized nodulation. T he authors suggested that the lack of fibrosis in the transthoracic pulmonary biopsy does not prove that carbon black has no fibrogenic potential, because their examination could only give an approxim ate estim ate o f the changes in the whole lung. Basing their evaluations on the results o f their own investigations and those of others, the authors concluded that the observed lung changes were caused by dust from carbon black containing negligible amounts o f silica. A lthough aromatics were present in ,th e  work environm ent, their contribution to the developm ent o f the lung changes in carbon black workers was not considered im portant by the investigators because there was no evidence o f m ore serious disruption o f pulmonary function and no progression o f radiologic changes following long-term  exposure. In 1975, Troitskaya et al [18] reported  effects on the health o f 357 workers in four plants in the USSR. T he workers all had over 6 years o f experience making furnace, channel, and thermal blacks, and workers were exposed to dusts liberated when producing, extracting, processing
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(screening, compacting, and granulating), and packaging carbon black. Dust concentrations were also high during equipm ent repair and emergency breakdown. T he carbon m onoxide content in the work areas was reported  to exceed the MPC o f 20 m g/cu  m by an average factor o f 1.5-5. T he workers spent 60-90% of their time in dusty and gaseous areas and 40%  in operations involving physical stress. T he atm ospheric concentrations of the various types of carbon blacks were not given.
Physical and roentgenographic examination o f the 357 workers revealed pneumoconiosis in 17 (4.8%) who had worked in dusty areas an average o f 16 years [18]. Coniotuberculosis was found in three (0.8%), with a mean o f 8 years o f work in dusty areas. Seven (2%) had tuberculosis and 13 (3.5%) had chronic bronchitis. O ne o f the 17 workers with pneumoconiosis had worked in another dusty occupation. W orkers engaged in channel black production had the highest incidence o f pneumoconiosis. T he furnace black workers at one plant also had a high incidence of pneumoconiosis even after only brief employment in the plant; the authors attributed this to the high dust concentrations in their workplace. T hese results agree with the findings o f G abor et al [16], who also found that pneumoconiosis occurred in m ore channel black workers than in furnace and therm al black workers. Chest roentgenogram s o f workers with pneumoconiosis showed a spotty, fine reticular structure throughout the lungs and thickening o f the bronchi, vessels, and periacinous tissue in the middle and lower regions [18]. T hese structural changes were reportedly accompanied by functional changes, eg, decreased VC, respiratory m inute volume, and maximum respiratory capacity. In 118 (33%) o f the workers, who had an average increase o f 6-9 vol% in the carboxyhemoglobin concentration in their blood, weakness in the autonom ic nervous system, ie, the so-called asthenic vegetative syndrome, was diagnosed. Troitskaya et al therefore speculated that the observed functional changes in the nervous system of these workers may have been related to the effects o f exposure to carbon monoxide.
Because the authors [18] found a high incidence o f pneum oconiosis in workers withshort-term  exposures to carbon black and no differences between the seven types o f industrial carbon black in experimental pulmonary fibrogenesis, they suggested that a single limit, ie, 6 m g/cu m as the MPC, would be adequate protection against the fibrogenic properties. However, after considering reports on the carcinogenic potential o f carbon black extracts and o f the presence o f benzpyrene in carbon black at concentrations as high as 54 MgAg o f carbon black, they recom m ended that the MPC o f carbon black be limited to 4 m g/cu  m, with a maximum benzpyrene concentration of 35 m g/kg of carbon black. T he  4 m g/cu  m concentration was chosen so that the MPC of 0.15 Hg/cu m for benzpyrene would not be exceeded.
Capusan and Mauksch [19], in 1969, reported  the 5-year incidence o f skin diseases inworkers producing lamp black (carbon black) by large-scale “sooting o f a wick” in a petroleum  lamp. Lamp black manufacture by this m ethod involved com bustion o f hydrocarbon (brown coal tar) and naphthene (cycloparaffin) wastes. Benzene extracts o f the lamp black had maximum ultraviolet absorption between 270 and 340 nm. A lthough the authors did no t specify what the absorption maximum indicated, it probably indicated the presence o f polycyclic aromatic com pounds. An unspecified num ber o f the workers (96%) were regularly given dermatologic examinations. Workers were examined after they had showered at the end o f a working day. T he incidence o f skin diseases in the lamp black workers was expressed by the maximum and minimum percentages that were seen during the 5 years, because 80% of the workers had been transferred to other departm ents by the end o f the 5-year observation period.
20
T he authors [19] stated that soiling o f the skin was very heavy on exposed areas and less under the protective clothing. Because o f such heavy soiling, the workers washed themselves with soap and warm water repeatedly and vigorously. Despite these washup procedures, em bedded carbon particles led to a marked follicular coniosis, which appeared as black spots on the skin.
W ashing also produced an alkalinized and degreased skin surface, resulting in fissures and a predisposition toward irritation dermatitis [19]. T he skin conditions o f these workers were classified as specific dermatosis, which occurred in 53-80% of the workers, and unspecific dermatosis, which occurred in 10-16%. Among the workers with specific derm atoses, stigmata with fissured hyperkeratoses o f the palms were found in 23-32%, and linear tattooing o f the backs o f the hands and forearms was found in 1.6-3%. T he incidence o f specific progressive derm atoses, eg, follicular conioses, was 22-31%, while that o f acneiform conioses was 7-20%. Nonspecific derm atoses, such as pyrodermias (1-4%), inguinal and p lantar epiderm ophytias (4-5%), eczemas and eczematides (1.8-4%), diffuse pruritis after a warm bath (0-1.6%), and utricarial eczema after a warm bath (0-1.6%), were much rarer. A lthough the progression o f the skin diseases in some workers was severe, only 1.6-2% o f the workers required treatm ent. Some workers suffered from m ore than one skin disease. A group o f 22-36% of the workers did not show any derm al effects over the 5 years. T here was no phototoxic dermatitis nor were there any carcinomas observed in any o f the workers even though they were specifically exam ined for carcinomas in unspecified organs.
Because o f the problems associated with increased soiling o f the skin in the production of lamp black, protective measures were taken [19]. T he dusty processes were autom ated, and a bentonite-based skin cream was used by the workers with favorable results. A lthough Komarova[13,15] had also noted  some skin effects in carbon black workers, the present study reported  these effects in greater detail.
Maisel et al [20], in 1959, reported  carcinoma of the parotid duct in a 53-year-old chemist who had had a private, and not particularly well ventilated, laboratory for the experimental production o f carbon blacks. At the time the malignancy was diagnosed (1956), only six similar cases were known, but exposure to carbon black had not been involved in any o f them. T he patient had produced experimentally m ore than 170 furnace carbon blacks with particles o f 50-100 /xm in diam eter and had handled most o f the commercial types with mean particle diam eters o f 35-270 
¡1 m for 11 years [20]. His experim ental carbon blacks usually had been produced from mixtures o f city gas and natural combustible gases and contained 0.5-5% acetone extractables. For 3 years during this employment, exposure to carbon black had been high. T he air in his laboratory was reported  to have been sooty with carbon black, and the chemist at times literally ate and breathed it; he reported having noted a gritty black material in his m outh and having seen black material on his handkerchief when he sneezed. Four years prior to hospitalization, because he constantly felt tired and in poor health, he discontinued work and took no alternative employment. For a num ber o f years prior to hospitalization, he had had interm ittent puffiness o f both cheeks alternating between the sides with some swelling o f the eyelids. Two weeks prior to hospitalization, he developed a swelling o f the right cheek. This disappeared gradually, and he became aware of a hard nodule in his right cheek. T hese conditions were believed to be related to penetration of carbon black from the m an’s m outh into the duct o f the parotid gland and retrogradely up the duct into the gland.
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Maisel et al [20] concluded that, because o f the known carcinogenic potentials o f the polycyclic hydrocarbons in carbon black, the parotid  duct cancer in this patient could have been produced by carbon black. They hypothesized that the carbon black particles could travel through the parotid duct to the parotid gland in a m anner similar to that used by the bacteria that cause “ surgical parotitis,” ie, reverse peristaltic saliva flow. T he authors believed that the presence of squamous-cell metaplasia in the left parotid  gland, probably a precancerous lesion, and the presence o f black material, presumably carbon black, reinforced their conclusion that carbon black could have produced the parotid  duct cancer, but they conceded that the black material found was not analyzed for either polycyclic hydrocarbons or carbon.
In the absence o f such information, and since the chemist during his research career probably had exposures to a num ber o f o ther chemicals that m ight have acted as initiators, prom oters, or synergists in the overall carcinogenic response, no definitive conclusion on the causative role o f carbon black in the production o f parotid  duct carcinoma can be derived from this single case.
Epidemiologic Studies
(a) Cancer
Ingalls, with two collaborators, published a series o f epidem iologic studies o f cancer am ong employees o f the Cabot C orporation [21-23]. T he corporation employed in 1949 a comparatively small num ber o f women, who were om itted from the study because o f the different mortality experiences o f m en and women. Causes o f death were obtained from death certificates from the insurance carrier for the corporation. T here were 1,085 workers employed on July 1, 1949 [21] and 1,411 workers employed on January 1, 1957 [22] at the carbon black plants.
In the first two studies [21,22], the incidence o f cancer in men who produced carbon blacks was com pared with that in men working in the same factories but who were involved in clerical, maintenance, or shop related job s thought not to have involved contact with carbon black. In the third study [23], men who produced carbon blacks in factories in Louisiana and Texas were com pared with those working in o ther facilities in the same two states.
T he first study [21] considered the working force at plants in Texas, Louisiana, and Oklahoma from July 1939 through Ju n e  1949. T he second paper [22] extended the study to January 1957. T he third paper [23] continued the study for another 18 years, to the end o f 1974. T he carbon black workers suffered 14 deaths due to cancer in a total o f 19,183 work years, whereas the control workers had 8 deaths in a total o f 16,323 work years. T hese figures yield m ean yearly incidences o f death due to cancer o f 0.73 per 1,000 am ong the carbon black workers and o f 0.49 per 1,000 am ong the noncarbon black workers. In both groups, the m alignant tum ors occurred mostly in the respiratory system. T he next most com mon site o f malignancy am ong the carbon black workers was the lymphatic-bone marrow complex, followed by the digestive system and unspecified organs or tissues. O ne malignant tum or o f the genital organs was recorded. Among the controls, the digestive system, the lymphatic-bone marrow complex, the skin, and an unspecified organ or tissue each was the site o f one m alignant tum or. T he only site o f malignancy likely to be found significantly m ore often am ong carbon black workers than am ong the noncarbon black workers was the lymphatic-bone marrow complex. T here  were 4 deaths due to leukemia am ong the 19,183 work years o f the carbon-black workers whereas only 1 occurred am ong the
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16,323 work years o f the control groups. In o ther words, leukemia was 3.43 times as frequent a cause of death due to malignancy in the carbon black workers as in the noncarbon black workers.
T he first two papers [21,22] give figures also for workers who had developed cancers but were still alive. These show that there was a total incidence o f cancer am ong the carbon black workers o f 10 in 12,636 work years, or a mean yearly incidence o f 0.79 per 1,000 whereas the noncarbon black workers developed 7 cancers during 8,964 work years, for a mean yearly incidence o f 0.78 per 1,000.
W hen the values for the incidence o f m alignant tum ors am ong the workers for the Cabot Corporation were com pared [21] with those for workers in oil refineries, both being rated expectantly on the basis o f age-specific death rates for cancer am ong m en in the United States during 1940, the standardized mortalities were 0.60 for carbon black workers, 0.66 for the non-carbon black workers, and 0.89 for the oil refinery workers. Com parison [22] o f the total incidences o f cancer between the two groups o f workers for the Cabot C orporation with those expected on the basis o f figures for New York State during 1950 yielded standardized morbidities o f 0.82 for the carbon black workers and o f 0.45 for the controls. T he  standardized mortality from cancer for carbon black workers was 1.8 times that for the controls. W hen com pared with the annual incidence in the white male population o f the Dallas-Fort W orth area, as reported  in an NCI m onograph [24], melanomas o f the skin were found 2.5 times as often in carbon black workers and 3.3 times as often in o ther employees.
These three epidemiologic studies neither prove nor disprove that carbon black is a carcinogen. The standardized morbidity for carbon black workers, in com parison with that for the o ther workers, suggests that carbon black may be a carcinogen. This possibility is rendered m ore likely, although no quantitative value for the increase can be assigned, by the apparent finding that carbon black may cause leukemia. These two suggestions o f malignant neoplastic activity at least raise suspicions o f an excess cancer risk associated with exposure to carbon black. Later sections o f this docum ent review o ther evidence pertaining to this question.
(b) O ther Effects
In 1975, Valic et al [25] reported  the results o f a study conducted in 1971 o f functional and radiologic lung changes in workers exposed to carbon black. T he subjects were 35 male workers, 22 smokers and 13 nonsmokers, who had been part o f a study conducted in 1964. T heir average age was 38.8 years, and they had been exposed an average o f 12.9 years. Analysis o f air samples from their work environm ent in 1964 showed geometric m ean (±S.D.) total and respirable carbon dust concentrations o f 8.5 ±1.6 m g/cu  m and 7.2 ±1.8 m g/cu  m, respectively, with a geometric mean particle diam eter o f 0.65 /im. In 1971, the geom etric m ean concentrations were 8.2 ±1.6 m g/cu m o f total and 7.9 ±1.7 m g/cu m o f respirable carbon dust, with a geometric mean particle diam eter o f 0.78 fxm. A group o f 35 males, matched with the exposed group in age, height, smoking habits, and socioeconomic status, but not exposed to significant concentrations o f dust in their work environm ent, were selected as the controls.
The FVC and FEV 1 o f each group was m easured by recording five trials by each subject and taking the mean o f the two highest values for statistical analysis [25]. Chest roentgenogram s of each subject were also made to evaluate the changes in lung tissue. In 1964, the FEV 1 and
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FVC o f carbon black workers were not significantly different from those o f the controls. However, in 1971 both the mean FVC and the mean FEV 1 o f all carbon black workers were 12 % below those o f the controls (P<0.05). T he FVC and FEV 1 in nonsm oking workers were not significantly different from those o f the controls but those o f workers who smoked o r had chronic bronchitis were about 1% below those o f the controls.
T he authors [25] believed that the decreased ventilatory capacities o f the control workers from 1964 to 1971 could be attributed to im proper selection o f the group, since some o f the control subjects lived near carbon black plants and may therefore have been exposed at high atm ospheric concentrations o f dust particles. T he authors noted  that m easurem ent o f atm ospheric particle concentrations near the plant confirmed their belief, but they did not present these results. T he authors also stated that a large decrease in control FVC and FEV 1 values occurred between 1964 and 1971, but those in 1971 were lower than those in 1964 by only 2-3%. Because o f the problems with the control population, the authors analyzed their data using normalized lung function decreases. T he calculated average annual decreases o f FVC and FEV 1 in all carbon black workers were four and three times higher, respectively, than those predicted for a normal population. T he authors thought that the control population may not have been properly chosen which may cast some doubt upon the reliability o f the observations. T he chest roentgenogram s of 6 o f 35 workers (17.1%) showed m inute reticular and nodular markings (interstitial fibrosis), mainly in the middle and basal parts o f the lungs. These six workers had been exposed an average o f 15.6 years; o f three who had signs o f pneumoconiosis, one had had no chest radiographic changes during the first survey in 1964.
In 1971, Smolyar and Granin [26] studied the oral mucosa o f workers exposed to carbon black. Oral examinations were conducted on 600 workers; 300 o f these worked in production areas with high concentrations o f active furnace black. T he concentration o f carbon black and duration o f exposure to carbon black was unknown, but was characterized in a preceding thesis by Smolyar[27] as 2-3 times the maximum allowable concentration (MAC) for carbon black in the furnace area o f the plant, and 4-11 times the MAC in the trapping and collecting departm ents. T he author also stated that these workers were exposed to o ther toxic substances including anthracene oils. T he remaining 300 subjects, who worked in factories without occupational hazards (probably not exposed to carbon black), served as controls [26],
Significant amounts o f carbon black were found on the teeth, oral mucosa, and posterior wall o f the throat and in the saliva o f the carbon black production workers [26]. Twenty-four o f these workers had keratosis and 36 had leukoplakia, while only 7 control subjects had keratosis and 16 had leukoplakia. T he basis for this diagnosis was not reported . This increased incidence o f keratosis and leukoplakia in the exposed workers was reported  to be statistically significant (P <0.003). Keratosis and hyperkeratosis were observed primarily where carbon black accumulated, at such sites as the oral mucosa, the transient folds, cheeks, gums, and tongue. Leukoplakia was frequently found in the mucosa lining the com ers o f the m outh and cheeks, but it .occurred occasionally on the tongue and lower lip.
Oral mucosal lesions, such as keratosis, hyperkeratosis, and leukoplakia, which the authors [26] considered to be pretum orous, occurred m ore frequently in workers who produced carbon black than in o ther workers. Smolyar and Granin concluded, therefore, that such lesions resulted from long-term  exposure to carbon black dust and anthracene oil, the latter material presumably being the raw material from which the carbon black was produced.
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Animal Toxicity
Studies perform ed with experimental animals have reached contrasting conclusions regarding the hazards of carbon black exposure. It was not always clear in these experim ents exactly what material was adm inistered to the animals because o f the interchangeable use o f the term carbon black with o ther carbonaceous materials, such as soot.
(a) Inhalation and Intratracheal Studies
In 1962, Nau et al [28] reported  the effects o f inhalation exposure to channel and furnace carbon blacks on mice and monkeys. Channel black consisted o f particles with an average diam eter o f 25 nm, and furnace black contained particles with an average diam eter o f 35 nm. Rhesus monkeys were exposed to channel black at 2.4 m g/cu  m or to furnace black at 1.6 m g/cu m for 7 hours/day, 5 days/week, some for m ore than 13,000 hours (more than 7 years). T he senior author has subsequently stated that the exposure concentrations reported  in his article are incorrect and should be 1.6 m g/cu  ft and 2.4 m g/cu  ft for furnace black and channel black, respectively, [29]; thus the corrected exposure concentrations are 56 m g/cu  m for furnace black and 85 m g/cu m for channel black. Throughout the exposures the appearance o f the monkeys was continuously m onitored as an indication o f health. Chest roentgenogram s and electrocardiograms o f exposed and control monkeys were examined periodically. Lung tissue samples from monkeys exposed to channel black for 4,063 and 4,259 hours (about 2.3 years) were examined for microscopic changes. It was unclear w hether the samples were rem oved at necropsy o r during surgery.
No adverse health effects were observed on either group o f exposed monkeys [28]. Monkeys exposed to either carbon black had slight, blotchy, irregular areas o f infiltration into their lungs, mainly throughout the lower portions, after 250 hours o f exposure. T hese changes increased after 700 to 1,500 hours o f exposure. Well-marked, extensive changes in the chest roentgenogram s, characterized by definite areas o f opacity, appeared in all monkeys exposed for 1,500 hours or more. T here was no striking change in the appearance o f chest roentgenogram s o f monkeys exposed for 2,000 hours and that o f animals exposed for 1,500 hours. Deposits o f carbon black were found in the mucosa, submucosa, or adjoining structures o f the nasal, oral, pharyngeal, laryngeal, or tracheal air passages o f the exposed monkeys. Intraalveolar carbon black was found only in rare instances and then in pigm ented macrophages; however, carbon black was deposited within the walls o f the alveoli, and channel black penetrated  into the interstices m ore readily than did furnace black. T he monkeys’ lungs showed a pattern  o f diffusely distributed focal nodular pigm entation interspersed with large areas o f unpigm ented alveoli. A lthough the physical presence o f carbon black alone usually accounted for the thickened alveolar walls, cellular proliferation, also seen occasionally, occurred m ore frequently with channel black exposure. A proliferation o f interstitial cells was seen in the lungs o f a few exposed animals, but this rarely led to minimal or variable fibrosis. Prom inent aggregates o r nodules o f carbon black were noted in the peribronchial and perivascular soft tissue, and the subpleural lymphatics were also distended with carbon black. Exposed monkeys did not suffer from pneum onia, but centrilobular emphysema in varying degrees was observed occasionally. T he authors noted that this may have been from the physical presence of carbon black o r may have been a sequel to an old inflammatory reaction.
Electrocardiographic studies o f exposed monkeys revealed minimal right atrial and right ventricular strain after 1,000-1,500 hours (0.55-0.82 year) o f exposure to channel black o r after
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2,500 hours (1.37 years) o f exposure to furnace black [28]. These changes increased in severity in both groups o f monkeys, becoming most severe after 10,000 hours o f exposure.
Nau et al [28] also exposed two groups o f 132 and 148 10-week-old male C3H mice, under the same regimen, to channel black at 85 m g/cu m and to furnace black at 56 m g/cu m, respectively. T he channel black group was subdivided into 14 groups o f 2-22 that were exposed for 200-3,000 hours (up to 20 m onths). T he furnace black group was subdivided into 13 groups o f 5-33 mice, which were exposed at 56 m g/cu m for 444-3,000 hours. A group o f 29 female (aged 9-12 months) and 63 male (aged 3-24 months) C3H mice and 19 C3H mice (aged 24 months) of unspecified sex breathing ambient air served as controls. All mice were m onitored throughout the exposure period for signs o f toxic activity. At the end o f exposure, both control and exposed mice were weighed, and chest roentgenogram s o f 30 mice exposed to channel or furnace black for up to 3 weeks and of an unspecified num ber o f control mice were examined. T he  carbon monoxide diffusing capacity o f the lungs was studied in one control m ouse and one mouse exposed to carbon black; carbon m onoxide and hem oglobin concentrations and ratios were determ ined 5, 10, and 20 minutes after exposure at a known concentration o f carbon monoxide. Exposed mice were killed either at the end o f exposure or after 4.25-6.5 m onths in the channel black groups and after 4.75-6.25 months in the furnace black groups. Control mice o f similar age groups were also killed. T he lung and heart weights o f both the exposed and control animals were recorded. The carbon contents o f lungs from exposed and control mice were determ ined, and tissues from various organs were examined microscopically.
Neither group of exposed mice exhibited any signs o f toxicity during the experimental period [28]. Mice exposed for up to 3 weeks to channel or furnace black dust had no abnormalities in their chest roentgenogram s. T he authors believed that this apparent lack o f difference between the roentgenogram s of the chests o f exposed and control mice was caused by the m otion o f the animals. Roentgenographic examination o f freshly rem oved lungs revealed that the lungs of exposed animals were more uniformly radiopaque. T he authors believed that these changes correlated well with the visibly decreased elasticity and the increased weight o f the lungs. T he lung-to-body weight ratios o f control, channel black, and furnace black groups were 0.7-1.0 (average 0.83), 1.1-3.3 (average 2.1), and 1.2-2.4 (average 1.7), respectively. T here were no differences between the carbon monoxide diffusing capacities o f lungs o f exposed and control animals. Deposits o f carbon were found in the mucosa, submucosa, o r adjoining structures o f the nasal, oral, pharyngeal, laryngeal, and tracheal air passages o f mice exposed to either type of carbon black. In the alveoli o f the exposed mice, carbon black was found both in a free state and, at times, as an aggregate within the macrophages, especially in mice exposed to furnace black. Diffuse pigm entation was present throughout the pulmonary parenchyma within the first 1,000 hours o f exposure and reached maximum intensity by 2,000 hours. Carbon black was also found within the walls o f the alveoli. Channel black penetrated into the interstitial tissue m ore readily than did furnace black. Carbon black appeared in the interstitial spaces after 1,000-2,000 hours of exposure. It remained either free or within m acrophages and was m ore dense and compact than the carbon black found in the intraalveolar space. Exposed mice, particularly those less than 6 months old, had bronchopneum onia within 1,000 hours o f exposure, but the incidence decreased with further exposure and was rare in those exposed for m ore than 2,000 hours. O f the two types of carbon black, furnace black produced pneum onia m ore frequently. Mice had only occasional centrilobular emphysema following carbon black exposure. As with monkeys, when emphysema did occur, it varied in degree.
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After 1,000 hours o f exposure, the average ratio o f heart weight-to-body weight o f exposed mice was slightly higher (0.56 channel black, 0.61 furnace black) than that o f the controls (0.51)[28]. Examination o f the skin o f the mice exposed to channel or furnace black sometimes showed atrophy o r hyperplasia of the epidermis, fibrosis o f the dermis, or both. Also, subcutaneous edema was found m ore consistently in mice exposed to channel black. Livers o f a few exposed mice contained carbon black within the Kupffer cells and showed a higher frequency o f amyloidosis than did those o f the control animals. T he spleens o f the exposed animals also had a higher incidence o f amyloidosis; there rarely was carbon black within the phagocytic cells. Amyloidosis, cortical scarring, and fibrosis o f the kidneys were m ore prevalent in the exposed mice. Phagocytic cells around the proximal convoluted tubules and the glomeruli o f the kidneys o f some of the exposed animals showed carbon black particles.
The carbon black contents o f the pooled lungs o f five animals each from the channel black, furnace black, and control groups were 39.5 mg for those exposed 443 hours to 83.3 mg for those exposed 3,089 hours, 26.3 mg for those exposed 444 hours to 66.7 mg for those exposed 1,109 hours, and 1.8 mg respectively [28]. T he lungs o f mice exposed to channel black thus appeared to retain m ore carbon black than did those exposed to furnace black. Lungs o f mice given a recovery period o f 4.75 months after exposure contained 51.6-111.2 and 47.4-51.1 mg o f carbon in the channel and furnace black groups, respectively. T herefore, the recovery period did not clear the lungs o f carbon black.
Nau et al [28] concluded that prolonged exposure to carbon black (channel o r furnace) did not significantly affect the health o f ham sters, mice, guinea pigs, rabbits, and monkeys, although the dust accumulated in the pulmonary system. This report, however, dealt only with effects o f carbon black on mice and monkeys. Because the study revealed a num ber o f effects on organs o ther than the pulmonary system, the authors’ conclusion is open to question. Also, as noted  earlier in this section, there has been some confusion as to w hether the concentrations were in m g/cu m or m g/cu ft.
Nau et al [30], in a 1976 report, evaluated the effects o f inhalation exposure to carbon black containing 0.04-1.32% benzene extractables on monkeys, mice, ham sters, and guinea pigs. Six male and six female rhesus monkeys o f unspecified age were exposed to therm al carbon black at a concentration o f 53 m g/cu m, 6 hours/day, 6 days/week, for a total o f 5,784 hours (approximately 3 years). Eight monkeys were used as controls. Monkeys were weighed and given chest roentgenogram s before exposure and at regular but undescribed intervals thereafter. At the end o f the exposure, the monkeys were killed, pulmonary function studies were perform ed before and after death, and lungs o f monkeys o f both groups were examined microscopically. T he mean myocardial fiber diam eter o f the wall o f each heart cham ber was m easured in 14 hearts, 4 o f which were from monkeys exposed to therm al black. Hearts o f some unexposed monkeys were also included in this analysis.
T hroughout the exposure period, exposed monkeys did not show any physical signs o f illness [30]. Pulmonary function tests both before and after death showed no impaired lung function from therm al black exposure. However, microscopic examination o f sections o f lungs showed marked differences between the lungs o f exposed monkeys and those o f controls. A great accumulation o f carbon black particles was found in the lymphatics surrounding the bronchioles, with the surrounding alveolar wall structures frequently absent. T he authors considered this lesion to be anatomically similar to centrilobular emphysema, although this condition does not occur
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in monkeys because they lack the typical interlobular septal pattern. Emphysematous changes in the exposed monkeys were classified as m oderate to severe. T he changes in pulmonary vasculature suggested pulmonary hypertensive vascular disease. M orphom etric analysis o f hearts o f exposed animals showed a right ventricular, septal, and, to a lesser degree, left ventricular hypertrophy. T he authors, however, noted that the small num ber o f hearts o f exposed monkeys examined precluded any conclusion from these observations.
Nau et al [30] also exposed a group o f 60 ham sters to therm al carbon black at either 53 m g/cu m for 236 days or at 107 m g/cu m for 172 days. No control group was described. T he age, sex, and num ber o f hamsters in each exposure regim en were not reported . At the end o f exposure, all the hamsters were killed and sections from the larynx, trachea, hypopharynx, and cervical esophagus were examined microscopically. Ham sters exposed at 107 m g/cu m of therm al black for 172 days showed no abnorm al changes in any o f the four areas examined. However, 5 o f 17 of those exposed at 53 m g/cu m for 236 days had subepithelial changes in the thyroarytenoid fold consistent with edema, 13 o f 17 showed retention o f am orphous eosinophilic material in the subglottic glands, and 7 o f 17 showed similar retention in the tracheal gland.
Nau et al [30] exposed 60 guinea pigs o f unspecified age to therm al carbon black by inhalation at 53 m g/cu m, 6 hours/day, 6 days/week, for an unspecified length o f time. T he lungs o f exposed guinea pigs showed no significant gross changes; however, microscopic examination revealed exogenous brown pigm ent in the interstitial histiocytes. Some of the phagocytes containing the ingested pigm ent lay free in the alveoli, and there was no significant proliferation o f fibrous tissue. All other organs examined were normal.
Nau et al [30] concluded that inhalation o f carbon black did not result in pulmonary function changes in monkeys, but it may have resulted in perifocal emphysema and right ventricular, septal, and left ventricular hypertrophy.
Snow [31], in 1970, investigated the effects o f inhalation o f furnace-therm al carbon black on the larynx and trachea o f golden hamsters. T he furnace-therm al black used in these studies had an average particle diam eter o f 150-200 nm and contained 1-2% by weight benzene-extractable materials. A total o f 51 male and 6 female golden ham sters, 1.5 m onths of age, were divided into 3 control and 3 experim ental groups. All ham sters in the experimental groups were exposed 6 hours/day, 5 days/week. O ne experim ental group, containing six male hamsters, was exposed to carbon black at 105-113 m g/cu m for 53 days (318 hours). T he second group, containing 8 male hamsters, was exposed at 105-113 m g/cu m for 172 days (1,032 hours), while the third group o f 17 males was exposed at 55-58 m g/cu  m for 236 days (1,416 hours). T here were three unexposed control groups, one containing 6 male and 6 female ham sters, a second with 3 male hamsters, and a third with 11 male hamsters. W ithin 1-10 days after exposure, all hamsters were killed, and longitudinal laryngeal and tracheal sections were examined microscopically. O ne male ham ster from the first group, three males from the second group, and two males and one female from the first control group died during the experim ent from causes unrelated to carbon black.
Except for mild, chronic inflammation o f the larynx and trachea, no microscopic variation was found in the three control groups at varying ages or between males and females o f the first control group [31], This state o f chronic inflammation, characterized by widely scattered polym orphonuclear leukocytes, lymphocytes, monocytes, and mast cells, was accepted as normal.
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Because o f this, there was no difference between the microscopic appearance o f the larynx and trachea o f exposed hamsters from the first and second groups and that o f their respective controls. However, 5 o f 17 exposed ham sters o f the third group showed edem a o f the thyroarytenoid fold in the lamina propria and retention o f am orphous eosinophilic m aterial often containing carbon particles in the subglottic and tracheal glands. Retention o f glandular secretion was seen in the subglottic area in 13 and in the trachea o f 7. In several instances the glandular secretions resulted in deformity o f the subglottic and tracheal lumina; the resulting appearance suggested cyst formation. Cells surrounding the am orphous eosinophilic material were flattened, but no conclusions were drawn on the significance o f this finding. Carbon black particles were also observed on the epithelium and in macrophages in the mucous blanket; however, no carbon black was found in the epithelium. T here was no evidence o f lymphatic transportation o r accumulation o f carbon black.
Snow [31] concluded that carbon black had pathogenic potential in both the upper and lower respiratory tract and that inhalation o f carbon black was not innocuous. T he adverse respiratory effects observed appeared to be related to the duration o f exposure rather than to the concentration o f the carbon black, and no carcinomas or o ther effects related to the PAH’s were reported.
In 1975, Troitskaya et al [18] studied the effects o f inhalation and intratracheal adm inistration o f carbon black on rats. Seven types o f industrial carbon black, three low-dispersion types with particle diameters o f >45-50 nm and four high-dispersion types with particle diameters o f 32-35 nm [32]) were used. Some rats were given carbon black intratracheally at doses o f 50 mg in 1 ml o f rat serum; others were exposed to a low-dispersion carbon black (PM-50) at 240 m g/cu m in an inhalation chamber. No o ther details o f the experim ental protocol were given. Some rats exposed to carbon black and some controls were killed after 3 or 6.9 months.
The effects o f carbon black on the lungs were reported  to be similar in rats exposed by inhalation and in those given carbon black intratracheally [18]. T hree months after the intratracheal administration, microscopic examination o f sections o f the lungs revealed a proliferative cellular reaction involving thickened interalveolar septa, enlarged emphysematous alveoli, and a large num ber o f alveolar phagocytes, histiocytes, fibroblasts, and collagen fibers in the areas o f dust accumulation. T he emphysematous changes continued with time, and by 6.9 months the fibrotic changes also were m ore apparent; the collagen grew thicker. These changes were m ore pronounced with channel black than with furnace black o f the same particle size.
Troitskaya et al [18] reported  that, after 3 months o f exposure, the lungs o f control rats showed physical and chemical differences when com pared with those o f rats exposed to carbon black. Differences were found in the weight o f the lungs and lymph nodes and in the hydroxyproline and lipid concentrations. A lthough the differences between the controls and those rats exposed to the low-dispersion carbon blacks were reported  to be statistically significant, the values for the high-dispersion type approached those o f the controls by the end o f the experiment. This was interpreted as indicating fairly rapid elimination o f these carbon blacks from the lungs and lymph nodes. Administration o f low-dispersion carbon black resulted in increased lung and lymph node weights with increased exposure. In comparison, exposure to high-dispersion carbon blacks resulted in a fibrous reaction much earlier. Since high-dispersion blacks were apparently eliminated from the lungs m ore rapidly than the low-dispersion ones, the effects o f low-dispersion blacks were m ore clearly evident at the end o f the experim ent. Troitskaya et al concluded that
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long-term  inhalation o f carbon black may lead to the developm ent o f diffuse sclerotic pneumoconiosis and that carbon black must be considered fibrogenic. Because o f the results presented here and the clinical observations o f pneumoconiosis in workers in carbon black plants, the authors suggested that a single limit o f 6 m g/cu m could be recom m ended as the MPC inasmuch as the fibrogenic potentials o f the various carbon blacks investigated did not differ significantly. However, because they had found reports o f the carcinogenic potential o f extracts of carbon black, they recom m ended that the MPC be set at 4 m g/cu  m with a maximum benzpyrene content o f 35 m gA g so that the MPC for benzpyrene (0.15 Mg/cu m) would not be exceeded.
In 1971, Smolyar and Granin [26] reported  the effects o f carbon black exposure on the oral mucosa o f mice and rats. A total o f 137 white mice and 75 white rats o f unspecified age and sex were divided into 2 groups. T he experim ental group o f 110 mice and 60 rats was exposed to carbon black concentrations similar to those encountered in the production area. T he production areas were not identified, and the concentrations o f  carbon black were no t given. O f 170 exposed animals, 70 were killed after 2 weeks, 45 after 1 month, and the rest after 2 o r 3 months. Controls were also killed, presumably at the same intervals. T he oral cavities o f all animals were evaluated by gross and microscopic examinations.
After 2 weeks o f exposure, microscopic examination showed that 26 o f 70 animals had abundant carbon black on the mucosal surface and in the submucosal and epithelial layers [26] . This carbon black accumulation was associated with atrophy, hyperkeratosis, and desquam ation o f the keratinous masses. T he endothelium  and the lum en o f the small and large dilated blood vessels o f the oral mucosa contained abundant carbon black particles and many erythrocytes, resulting in hyperemia, plasm orrhagia, and hem orrhages. In 45 animals examined after 1 m onth of exposure, 34 developed hyperkeratosis, dyskeratosis with desquam ation, and acanthosis. The keratinous masses contained large am ounts o f carbon black, and the hyperkeratoses were focal and well-defined. Polyemia o f the veins and diapedetic hem orrhages were evident in the subepithelial tissue, and tiny cyst-like cavities filled with keratinous masses and carbon black were seen in the epithelial sulci. All 55 animals exposed to carbon black for 2 o r 3 m onths had atrophic, necrotic, and erosive-ulcerous lesions. Also, focal inflammation with infiltration o f histiocytes and free leukocytes was found in the areas o f epithelial hyperkeratosis. These observations led Smolyar and Granin to conclude that the frequency and degree o f manifestation o f oral mucosal lesions depend on the length o f exposure to carbon black.
Shabad et al [32], in a 1972 report, investigated the effects o f intratracheal adm inistration o f carbon black with adsorbed benzpyrene on rats o f unspecified age and sex. More than 50 rats received six 10-mg doses o f a preparation called therm atom ic black (particle size 300 nm) with 0.1 mg o f adsorbed benzpyrene per dose. A nother group o f m ore than 52 rats received similar doses o f 10 mg of channel black (particle size 13 nm) with 0.1 mg o f adsorbed benzpyrene. An undescribed num ber o f rats, the control groups, were given benzpyrene in six doses o f 0.1 mg each.
In both groups given carbon black, the lung tissue was reported  to contain unspecified precancerous lesions in the areas o f carbon black accumulation after the 2nd m onth o f adm inistration [32]. In animals that died later, there were quantitative and qualitative differences in the characteristics o f the tumors found. T he num ber o f deaths in each group was not presented. At 10 months, 12 o f 50 rats surviving exposure to therm atom ic black with adsorbed benzpyrene had lung tumors. Although no lung cancers were found in this group, reticulosarcoma o f the
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peribronchial and perivascular lymphoid tissue was detected in 11 (22%). At 16 months, o f the 52 rats that had survived exposure to channel black containing adsorbed benzpyrene, 21 (40.4%) had lung neoplasms, 5 (9.6%) o f which were squamous-cell carcinomas. T he control rats had neither tumors nor precancerous lesions.
Shabad et al [32] concluded that carbon black distributed throughout the lung tissue provided a greater contact surface area for the adsorbed carcinogen benzpyrene and facilitated the increased desorption and resorption o f the carcinogen. Justification for this conclusion was based on the observation that tum or production occurred only in the groups o f rats that received benzpyrene adsorbed on carbon blacks. A lthough this may be a valid conclusion, carbon black also might have acted as an irritant prom otor in the groups that received benzpyrene adsorbed on carbon black.
In a similar experiment, Pylev [33], in 1969, reported  the effects o f intratracheally adm inistered 3,4-benzpyrene adsorbed on channel black on the lungs o f rats. Rats o f unspecified age and sex were divided into two groups; o f these, one group o f 68 received 6 intratracheal insufflations o f 0.1 mg o f 3,4-benzpyrene adsorbed on 10 mg o f channel black at 10-day intervals, while the other group o f 15 rats similarly given 6 intratracheal insufflations o f 0.1 mg of3,4-benzpyrene alone served as controls. T he lungs o f rats o f both groups were examined by microscope for changes in structure during the experim ental period o f 6 m onths. T he changes in control animals that died 4.5 months after the beginning o f the experim ent were com pared with those o f experimental rats that died between the 1st day and 6th m onth o f the experim ent. While the control rats showed no changes in their lungs, rats given 3,4-benzpyrene adsorbed on carbon black had inflammatory changes, such as exudative hem orrhagic pneum onia, focal abscess-forming and necrotic pneumonia, and chronic interstitial pneum onia. In later stages (3-4 m onths), there were also areas o f atelectasis with signs o f pneumosclerosis. In addition to these inflammatory responses, a num ber o f pretum orous changes were also noted. O f the 68 experim ental animals, diffuse hyperplasia and proliferation o f the epithelium in the small and medium bronchi were found in 11, diffuse hyperplasia and proliferation o f the peribronchial mucous glands in 10, focal growth o f the bronchiolar epithelium without cellular metaplasia in 12, focal growth o f the bronchiolar epithelium with signs o f planocellular metaplasia in 6, and 5 cases o f adenom atous growths.
T he author [33] concluded that 3,4-benzpyrene adsorbed on carbon black was released in the lung to cause pretum orous changes. He also concluded that 3,4-benzpyrene adsorbed on carbon black was retained in the lungs longer than when the carcinogen was given unadsorbed. Although such prolonged retention o f the adsorbed 3,4-benzpyrene had been reported  by other investigators [34,35], Pylev [33] presented no data to arrive at a similar conclusion.
In 1974, Farrell and Davis [36] investigated the effect o f particulate carriers including carbon (nut shell charcoal), on the developm ent o f respiratory tract cancers by intratrachelly adm inistering them with 3,4-benzpyrene to hamsters. They found that while the control groups that received 25 weekly doses o f 0.2 ml o f 2%  carbon particles in 0.5%  gelatin in saline developed no tumors, 92 o f those given similar doses o f carbon particles but with 2% 3,4-benzpyrene developed 134 carcinomas (81 o f these had one or m ore carcinomas) within 10-14 weeks o f the experiment.
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(b) Dermal Studies
Only a few studies o f derm al effects by carbon black, using various solvents, are available. These studies have not indicated any m ajor derm al effects but have associated some systemic problems with carbon black exposure.
In 1952, Von Haam and Mallette [37] presented  the results o f  an investigation on the carcinogenicity o f carbon black and its extracts by application to the skin o f Swiss mice. T he age, weight, and sex o f the mice were not reported. T he  preparations o f carbon black extracts and their fractions also were not described. A total o f 212 mice were divided into 17 groups o f 5-12 each. O f these 17 groups, 3 received a 1% acetone solution o f one o f the 3 unfractionated carbon black extracts on a small area o f their backs, which were clipped free o f hair. T he  rem aining 14 groups were similarly tested with 1 % concentrated fractions o f carbon black extracts in acetone containing 0.5% croton oil. T he m ethod o f extraction and fractionation were not reported . A group o f 20 mice painted with 0.5% solution o f croton oil in acetone served as the negative control, while another group o f 20 mice receiving 1 % 3,4-benzpyrene in acetone containing 0.5% croton oil was used as a positive control.
T he various preparations were topically applied to the designated groups o f mice at weekly intervals for up to 315 days [37]. T he amounts o f material in each application were not reported. The areas o f skin to which the material was applied were fixed, sectioned, stained, and examined microscopically for all mice that died during the experim ent. T he time or cause o f death o f mice was not described. T he production o f tum ors at the site o f application was m onitored throughout the experiment, and the tum ors were photographed as they developed and sections o f the tumors were examined microscopically at the end o f the experim ent. None o f the mice in either the negative control group o r the three groups receiving unfractionated carbon black extracts developed cancers. O f the 20 positive control mice, 11 o f 15 survivors developed cancers. O f 212 mice, 126 survived the entire experim ent. Four o f the 14 fractionated extracts were carcinogenic in mice. Six o f 27 surviving animals o f the groups given 1 o f these 4 fractionated extracts developed advanced squamous-cell carcinomas and had ulcerations covered by crusts. While the cancers in these experim ental animals developed between 127 and 196 days, those in positive control mice developed within 28 to 162 days o f the beginning o f the experim ent. Two o f the mice that received 1 o f the 3 types o f unfractionated extracts and 11 mice o f the groups which were given 6 o f the 14 fractionated extracts not found to be carcinogenic developed papillomas, which were characterized by hyperkeratinization, proliferation and thickening o f hair follicles, and epithelial proliferation. Some o f these papillomas reportedly had a tendency to disappear spontaneously. According to the authors, epithelial proliferation, which might o r might not have developed into cancer had the animals lived longer, was found in 29 o f the animals on microscopic examination o f the skin at the area o f application.
Von Haam and Mallette [37] concluded that commercial carbon blacks contained extractable carcinogenic materials. Contrasting their findings with the epidem iologic results o f Ingalls [21], the authors offered some explanations for the discrepancy. They believed that prolonged skin exposures to carbon black might not occur in the industrial environm ent because o f well-controlled industrial hygiene measures, and that, hence, effects on hum an skin were unlikely to develop. However, they thought that a m ore reasonable explanation could be based on their experim ental finding that unfractionated extracts o f carbon black did not produce any cancers in mice. They believed that this finding may have resulted from the low concentrations o f carcinogenic material in the commercial blacks o r from firm adsorption o f these materials by the carbon black and consequent negation o f their carcinogenic properties. T here are major
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discrepancies between the values presented  in the text and those in the tables o f the report, which leave the authors’ conclusions questionable.
Von Haam et al [38], in 1958, reported  the effects o f five carbon blacks o f differing physical and chemical properties on the carcinogenicity o f 3,4-benzpyrene in mice. Two o f the carbon blacks tested had large surface areas and low pH, one had a small surface area and low pH, and two had small surface areas and high pH. A dsorbed o r unadsorbed benzpyrene was applied twice weekly to the skin o f mice as a 0.5% acetone solution. C ontrol mice were treated with 6-60% carbon black in acetone.
T he  results [38] showed that unadsorbed 3,4-benzpyrene produced a 96%  fatal tum or incidence within 2-9 m onths, while none o f the carbon blacks alone caused any tum ors in the same time. O f a total o f 240 mice treated with 3,4-benzpyrene adsorbed onto a carbon black, 54-69% developed tum ors within 3-6 months. T he  survival rates were somewhat higher am ong mice painted with adsorbed carcinogen, com pared with that for mice painted with unadsorbed carcinogen: 33-57% were alive after 9 months. T he latency period for tum or induction was 1 m onth longer in mice painted with adsorbed carcinogen than in those to which the unadsorbed carcinogen was applied.
T he authors [38] noted  that some o f the 3,4-benzpyrene in the acetone solution acted as a free carcinogen because this solvent eluted 10-23% o f the adsorbed com pound from carbon black. They also tested dry powders o f adsorbed and unadsorbed carcinogen and found that, after 24 m onths, none o f the mice rubbed with either dry adsorbed carcinogen o r dry carbon black developed any tum ors. Twelve percent o f the mice treated with dry unadsorbed carcinogen developed tum ors. T he authors concluded that the carbon blacks tested did effectively block the carcinogenicity o f 3,4-benzpyrene, although in differing degrees. They suggested that surface area and pH are significant variables in adsorption, with large surface area causing increased adsorption. While it is generally accepted that an increase in surface area allows for an increase in adsorption and while changes in pH  will effect disassociation o f different materials and their adsorption capabilities, the author did not provide data to specifically identify differences in BaP adsorption onto carbon black with varying surface areas and pH ’s. They attributed the tumors in the experim ents using acetone to the action o f free carcinogen eluted by the solvent.
In 1958, Nau and associates [39] studied the effects o f skin contact with carbon black on several animal species. W hole carbon black, extracted carbon black, the “free” benzene extract o f carbon black, a known carcinogen, and a known carcinogen adsorbed to carbon black were tested on 6- to 10-week-old CFW white and C3H brown mice, white rabbits, and rhesus monkeys weighing 5-7 pounds. All experim ental mice were painted with the experim ental agent up the middle o f the unshaved back from the base o f the tail to the neck 3 times/week.
Groups o f 10-40 C3H or CFW mice received 140-226 applications o f whole o r extracted carbon black in cooking oil, m ineral oil, carboxymethylcellulose (CMC) and water, or water [39], T he total am ount o f carbon black ranged from 3.63 to 23.4 g. C ontrol groups received similar applications o f the various vehicles for carbon black, and a group o f 943 mice served as untreated controls. All mice were examined twice daily. Mice with abnorm al signs were killed, and all organs and tissues were completely examined for gross and microscopic changes. Dead mice were similarly examined.
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Carbon black was also painted on the shaved abdom ens o f rabbits 3 tim es/w eek [39]. Four rabbits received 66-160 applications o f carbon black in cooking oil o r in CMC and water to their shaved abdomens; the total am ounts o f carbon black applied were 116-324 g. In addition, 3 monkeys received 167-404 applications o f 20% extracted o r whole carbon black in cooking oil or CMC and water to both axillas and groin. T he am ounts o f carbon black applied were 327-948 g. Rabbits and monkeys were observed regularly. T hose with abnorm al signs were killed, and complete gross and microscopic examinations o f all organs and tissues were perform ed on these animals and those dying from the experim ent o r o ther causes.
No tum ors were produced at the application sites on the skins o f mice, rabbits, o r monkeys by whole carbon black in various solvents, even when applied in large am ounts for m ore than 12 months [39]. Adenomas o f the stom ach were found in two mice, and lymphosarcomas o f the spleen, colon, and lymph nodes were found in five. A small-cell sarcoma of the chest wall was observed in one monkey. No tum ors were found in mice painted with water and 1 % CMC, cooking oil, or mineral oil.
In 1976, Nau et al [30] also described the effects o f skin application o f three grades o f thermal black to the skins o f mice. A total o f 240 mice C3H mice o f unspecified age was divided into 4 groups o f 60 each. Each group was further divided into 3 subgroups o f 20 each. Mice in the subgroups had a 20% emulsion o f medium, fine, o r “nonstaining” therm al black mixed with mineral oil for one group, corn oil for another, or with water for a third painted on their shaved backs 3 times a week. A total o f 123 applications were given in 41 weeks. T he three subgroups o f control mice each received one o f three vehicles. Examination o f the skins o f the various groups and subgroups given three types o f thermal black revealed no detectable changes with any o f the suspensions o f carbon black.
Pikovskaya et al [40] tested the skin carcinogenicity o f two types o f petroleum -based carbon blacks, TM-15 and TM-30. Preliminary extraction studies with various solvents (acetone, hot benzene, and a chloroform -m ethanol mixture) showed varying am ounts o f PAH’s with benzo(a)pyrene, anthracene, benzo(ghi)pyrene, phenanthrene, pyrene, perylene, dibenzathracene, benzfluorene, phenanthrene, and carbazole specifically identified. They stated that the benzo(a)pyrene content o f the petroleum -based blacks (TM-15, 0.69-2.4 ppm; TM-30, 0.81-2.1 ppm) was much less than the am ounts found in carbon blacks from other sources, ie, coal tar oils (30-50 ppm), shale oils (14 ppm), and gas, electrically cracked (ppm unstated).
CC-57 brown and white mice were divided into groups o f 65-70 animals and painted with the test materials 3 times per week for their entire lives. T he longest exposure was 184 applications in 18 months. T he mice painted with benzene extracts from TM-15 black developed skin tumors 5 months after the initiation o f the test; 8.77% of the animals who survived after the appearance o f the first tum or developed skin tumors and 3% of these skin tum ors were malignant. This num ber o f skin tum ors was stated to be markedly different (P<0.05) from the spontaneous rate (0.4-0.6%). In those painted with benzene extracts o f TM-30 blacks, 3% o f the two groups o f animals were painted with oily suspensions o f either TM-15 or TM-30 blacks; no animals developed tum ors. T he authors concluded that carbon black has weak carcinogenicity and recom m ended that where direct contact with carbon black was necessary, TM-30 black be used instead o f TM-15 because o f the lower tum or incidence it produced. They further stated that the benzene extracts produced a higher incidence o f skin tum ors than pure benzo(e)pyrene even though the benzo(a)pyrene content o f the extracts was the same as that used in pure benzo(a)pyrene studies. They attributed this increase to the presence o f o ther PAH’s.
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Nau et al [30] studied the effects o f feeding therm al black to mice. A group o f 8-week-old male and female C3H mice had 10% therm al carbon black added to their diet. A group o f 20 control male and female mice o f similar age received the same diet without carbon black. T he animals were killed after 72 weeks and unspecified organs were examined for gross o r microscopic changes. Both gross and microscopic examinations revealed no significant changes in mice fed thermal black.
In 1958, Nau et al [41] described a series o f feeding experim ents in which CFW and C3H mice were adm inistered diets o f dry dog food mixed with cottonseed oil o r water (both containing CMC). Various commercially obtained whole carbon blacks, benzene-extracted carbon blacks, benzene extracts o f carbon blacks, known carcinogens, or extracted carbon blacks adulterated with known carcinogens were added to these diets. Each substance o r m ixture tested was adm inistered in diets mixed with both oil and water individually. Mice were 6-10 weeks old at the outset o f feeding, and feeding continued for 12-18 m onths. All mice were then killed, and tissues and organs were examined for gross and microscopic changes. Animals that died in the course o f feeding were similarly examined. A ppropriate controls were included in each experiment.
T he authors [41] reported  no deviations from norm al or from controls in mice fed 10% whole carbon black in diets mixed with either oil or water. T he num ber o f mice tested and the total dose o f carbon black ingested were not given. Similarly, 30 mice fed a mean o f 207 g each o f a diet containing 10% o f benzene-extracted carbon black and mixed with oil showed no ill effects. Among 100 mice each fed 182-243 g o f a diet containing 10% o f benzene-extracted carbon black but mixed with water, 4 had malignant skin tum ors, 3 developed benign papillomas, and1 developed an intracutaneous fibrosarcoma. Nau et al attributed the observed effects to such factors as transference of free extractive to the skin through biting and grooming. They concluded that the diets containing benzene-extracted carbon black produced no deleterious effects.
Nau and coworkers [41] next evaluated the effects o f 0.02%  and 0.08% dietary benzene extract of carbon black and 0.02% dietary m ethylcholanthrene, a known carcinogen. Both agents were dissolved in benzene, and the resulting solutions were mixed with flour. T he mixtures were dried and pelletized. Mice were fed a diet o f 15% flour m ixture com bined with 85% dog food and mixed with either water or oil. Amounts ingested were recorded for each animal, and doses were calculated.
The results [41] were that 10 o f 80 mice fed a total o f0.261-0.509 g o f 0.02% benzene extract during 12-18 months in a moistened diet developed gastrointestinal cancers consisting o f “questionable” squamous metaplasias, 1 submucosal lymphosarcoma, 1 squamous cell carcinoma, and 1 early adenocarcinoma and 2 developed soft tissue tum ors o f questionable origin. In contrast, 30 mice fed a total o f 0.366 g in a diet mixed with oil during 18 m onths developed no lesions. O f 80 mice fed 0.02% m ethylcholanthrene in a m oistened diet for 12-15 months (total dose, 0.261-0.344 g), 31 developed stomach and gastrointestinal cancers, while 44 o f 110 mice fed the same diet mixed with oil base for 12-13 months (total dose, 0.195-0.245 g) developed stomach and pancreatic carcinomas. A diet o f 0.08% benzene extract in a diet mixed with water produced2 gastrointestinal cancers and 2 leukemias in 21 mice, and the same diet with an adm ixture o f oil
(c) Oral and Parenteral Studies
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produced 4 stomach cancers in 22 mice. Most o f the observed malignancies were o f the squamous-cell type. They concluded that ingestion o f the benzene extract o f carbon black leads to production o f the same types o f gastrointestinal cancers induced by m ethylcholanthrene.
T o determ ine the effects o f feeding an adsorbed carcinogen, the authors dissolved m ethylcholanthrene in benzene and added to extracted carbon black in a chrom atographic column with or without subsequent heating o f the mixture [41]. T he m ixture o f carbon black and adsorbed m ethylcholanthrene was dried, sieved, and added to water- and oil-based food mixtures. Nau et al reported that ingestion by mice o f 0.253-0.425 g o f m ethylcholanthrene adsorbed onto 123-237 g o f extracted carbon black with and without heating in diets mixed with either oil or water resulted in no change in 2-17 months.
T he authors [41] concluded that carbon black can adsorb m ethylcholanthrene sufficiently strongly to prevent its carcinogenic effect after ingestion, and that carbon black itself does not cause cancer. They did not consider the question o f possible species differences in spontaneous tum or production rates, nor did they give percentage yields o f tum ors in most instances.
Steiner [42], in 1954, reported  a series o f experim ents undertaken to determ ine the carcinogenicity o f carbon black in a variety o f circumstances. Two carbon blacks were used: a furnace black with a surface area o f 15 sq m /g  and an average particle diam eter o f 80 nm and a channel black with a surface area o f 380 sq m /g  and an average particle diam ater o f 17 nm. A total o f 600 C57BL mice 5-5.5 m onths old, in groups o f 50 each, o f both sexes were used. Experiments lasted 20 months; all survivors were killed and necropsied and all lesions were sectioned and microscopically examined. In addition, many injection sites were examined microscopically throughout the studies. Percentage tum or yields were calculated from the “ effective total,” defined as the num ber o f mice alive 5 months after the experim ent began, when the first tum or deaths occurred with the most potent agent.
In the first series o f experiments, Steiner [42] com pared the carcinogenicity o f the furnace black, which contained benzene-extractable 3,4-benzpyrene and other aromatic hydrocarbons, with that o f the channel black, which contained no benzene-extractable hydrocarbons. Four experim ental groups received, respectively, single subcutaneous (sc), interscapular injections o f 30 mg of either furnace black (containing approximately 0.09 mg of benzene-extractable3,4-benzpyrene) suspended in tricaprylin, channel black m ade up in tricaprylin, or 3.5-mm by 30-mm pellets o f furnace o r channel black. A control group was injected with tricaprylin only. The furnace black solution produced rapid encapsulation and fibrous tissue response. Tum ors began to appear in the 7 months after the adm inistration. O f an effective total o f 46 survivors after 5 m onths, 18 (39%) subsequently developed sarcomas and died within 20 months. T he channel black solution produced a similar fibrous tissue response but no tum ors. Injection o f furnace black pellets produced only a 4.3% tum or yield, with sarcomas found in two mice. Channel black pellets, produced a sarcoma in one mouse. Controls developed no tumors.
T he author [42] concluded that carbon black containing benzene extractable materials was carcinogenic only when an eluent, in this case tricaprylin, was provided and that channel black with no benzene-extractable content was biologically inactive. He noted the im portance o f the solvent in the carcinogenic response to furnace black, emphasized the conditional nature o f this observed biologic activity, and related it to particle size, ie, carbon blacks with small particle diameters adsorb aromatic hydrocarbons.
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T o test w hether 3,4-benzpyrene would retain its carcinogenicity when added to a carbon black o f small particle size, Steiner [42] prepared 300-mg pellets and tricaprylin suspensions o f the channel black previously described and added 0.09 mg of 3,4-benzpyrene to each. Two groups o f 50 mice each were injected as before, and a control group o f 50 mice was given 0.09-mg doses o f 3,4-benzpyrene adm inistered in tricaprylin. A lthough 3,4-benzpyrene in tricaprylin produced a 95.1% sarcoma yield within 15 m onths, with an average time to death o f 233 days, no tumors were produced in either group treated with 3,4-benzpyrene added to channel black, and survival rates were high [42]. Steiner noted  that the presence o f tricaprylin as an eluent had no effect on the carcinogenicity o f the channel black and 3,4-benzpyrene m ixture and concluded that the reduction o f the carinogenicity o f the 3,4-benzpyrene in these mixtures was caused by its adsorption, which overcame the solvent action o f the tricaprylin.
A final series o f investigations [42] was undertaken to determ ine w hether the activity o f the carcinogens in the benzene-extractable furnace black could be eliminated by benzene extraction, chromic acid treatm ent, or mixing o f benzene-extracted furnace black with noncarcinogenic, nonbenzene-extracted channel black. Fifty mice each received a single 1-cc injection o f benzene extract from 300 mg of furnace black dissolved in tricaprylin. Two o ther groups received similar injections of the carbon black residue remaining after benzene distillation and o f furnace black steam bathed in chromic acid for 3 hours. A final group received 600-mg injections o f equal parts, by weight, of furnace and channel blacks made up in tricaprylin.
Results of these studies [42] showed that the benzene extract o f furnace black produced a 49% incidence of sarcoma at the injection site and had virtually the same carcinogenic potency as the whole furnace black. T he furnace black residue induced only one sarcoma, giving a 2.7% tum or yield. Mice injected with the chromic acid-treated furnace black and the combination of furnace and channel black developed no tum ors. Steiner concluded that adsorption and destruction o f the carcinogens was a m ore effective way o f neutralizing them than solvent extraction, although solvent extraction almost eliminated carcinogenic activity. He again emphasized the conditional nature o f the biologic activity o f carbon black.
In 1958, Von Haam et al [38] perform ed a series o f animal experim ents using different routes o f adm inistration to investigate the effects o f seven commercially prepared carbon blacks on the biologic activity of two known carcinogens, 20-m ethylcholanthrene and p-dimethylaminoazobenzene. T he physical and chemical properties o f the carbon blacks tested varied widely, ranging from 10 to 40 acres/pound total surface area, 13-29 nm average particle diameter, and from pH 2.8 to 10.5.
Before beginning the animal studies, the authors [38] determ ined the extent to which each carbon black adsorbed each carcinogen. Cyclohexane solutions consisting o f 200 mg of each carcinogen were added to varying am ounts o f each black, and cyclohexane was added to yield 150-ml volumes. T he resulting suspensions were filtered, and the filtrates were combined with enough cyclohexane to yield 2,000-ml volumes. T he filtrates were analyzed and the difference between the am ount o f the carcinogen recovered in the filtrate and that taken originally yielded the am ount of carcinogen adsorbed by carbon in the filter residue and was used in animal studies. Each carcinogen was tested separately on Harlan stock rats o r albino Swiss mice. Adsorbed or unadsorbed 20-m ethylcholanthrene was injected sc in single 2-mg doses with olive oil as the vehicle. Adsorbed or unadsorbed p-dim ethylaminoazobenzene, mixed with polished rice to yield 0.06% dietary concentrations, was fed ad libitum to rats. In both cases, control groups treated
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with carbon black alone were used. Animals were killed at the end o f the studies, and all organs were examined grossly and microscopically.
Von Haam et al [38] reported  that the degree to which carbon blacks adsorbed the carcinogens studied depended on the physical properties o f the carbon black. In general, carbon blacks with large total surface areas adsorbed far m ore carcinogen than did those with small surface areas. Average particle diam eter was an ineffective indicator o f adsorption rate. Because o f their findings on three small-surface-area carbon blacks that differed mainly in pH, the authors suggested that high pH may enhance adsorption.
Results o f the animal studies [38] substantiate these findings. In tests with 20-methylcholanthrene, 13 o f 24 rats (54%) injected with unadsorbed carcinogen developed spindle-cell sarcomas within 4-8 months. Sarcoma yields in three groups adm inistered methylcholanthrene adsorbed onto three small-surface-area blacks were 66, 29, and 16%, respectively. T he authors considered the 16% sarcoma yield alone to indicate adsorption, and a second adsorption test using this carbon black showed that only 20% o f the carcinogen was eluted in 4 weeks. T he latency period o f tum or form ation was 7-8 m onths in rats treated with carcinogen adsorbed onto this carbon black. None o f the carbon blacks alone produced tum ors. Von Haam and associates [38] reported  similar results in feeding studies with p-dim ethylaminoazobenzene. These studies showed that, while unadsorbed p-dim ethylam inoazobenzene produced a 58% tum or yield in 24 rats, carcinogen adsorbed to 3 small-surface-area carbon blacks produced only 1 tum or in 72 rats (4%) after over 10 months o f feeding. Similarly, dietary concentrations o f up to 18% carbon blacks alone caused no tum ors o r o ther effects.
Von Haam et al [38] concluded that the carbon blacks were not carcinogenic by themselves, and, despite tum or induction in some instances, that adsorbed carcinogens lost their biologic potency. They stated that tum or induction in animals treated with adsorbed carcinogens could be related to elution o f free carcinogen by the solvent vehicle o r to incomplete adsorption related to physicochemical properties o f individual carbon blacks. T he total doses o f p-dimethylaminoazobenzene adm inistered were not reported; species differences were not delineated; and the possible role o f rou te o f adm inistration on observed results was not considered.
Shabad et al [32], in 1972, reported  the results o f an unpublished investigation o f the effects o f sc adm inistration o f carbon black with benzpyrene conducted by Linnik in 1969. Carbon black with 29-nm particle diameters was adm inistered sc to 46 mice o f unspecified age and sex in 125-mg doses with 1 mg of adsorbed benzpyrene. A second group o f mice was similarly given 1 mg of benzpyrene adsorbed on 145 mg o f carbon black particles with diam eters o f 80 nm. Eighteen mice given benzpyrene alone in sc 1-mg doses served as the controls. Seventeen months after the injections, mice from all groups were killed and examined for tum or development.
O f 18 control mice, 15 developed tum ors o f various unspecified types [32]. O ne o f the 46 mice that received 125 mg of carbon black with 1 mg o f benzpyrene developed a hem angiosarcoma and squamous-cell keratinizing skin cancer. None o f the rats that received 145 mg o f carbon black developed tumors. T he differences in tum or induction between the experim ental and control groups were statistically significant (P<0.01). The authors believed that the adsorption o f benzpyrene on carbon black prevented tissue contact, thus either minimizing o r eliminating the carcinogenic properties.
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T here is still some controversy on w hether polycyclic organic material can be eluted from carbon black and thus m ade available for carcinogenesis in the body. Neal and coworkers [43], Nau et al [30], Kutscher et al [44], and Falk et al [45] have studied this, but with conflicting results. Pylev et al [34] com pared the retention o f 3,4-benzpyrene in the body when adsorbed on carbon black to that when it was free.
In 1962, Neal et al [43] studied the elution o f polycyclic com ponents from channel and furnace blacks and from several commercial rubber form ulations containing 10-20% carbon black by weight. T he eluting agents used were: (a) biologic fluids: hum an blood plasma, artificial intestinal fluid, and artificial gastric fluid; (b) cottonseed oil; (c) food juice com ponents: aqueous citric acid at pH 3.85, 3% aqueous acetic acid, 3% aqueous sodium bicarbonate, and 3% aqueous sodium chloride; and (d) whole “ sweet” hom ogenized milk. R ubber test sheets, prepared with furnace or channel blacks were cured between sheets o f aluminum foil at 292 F for 20-35 minutes. For elution with the biologic fluids, a 2.5 g sample o f channel or furnace black was covered with 50 ml o f the eluting fluid, maintained at 28 C for 120.5 hours, then at 37 C for next 60 hours, and was shaken interm ittently during the period. T he suspension was centrifuged and the supernatant extracted with benzene. T he benzene extract was scanned in a spectrophotom eter for PAH’s. In another experim ent, eluting oil produced by covering rubber sheets with cottonseed oil for 7 days at 59 C was chrom atographed using an alumina-silica gel column. Significant parts o f the column material were removed and eluted with m ethanol, which was then evaporated, and the residue was dissolved in benzene and scanned for polycyclic com ponents. A separate lot of30-sq in rubber sheets was covered with each o f the food juice com ponents for 6 days at 59 C. T he eluent was then evaporated and the residue taken up in benzene. T he benzene extract was scanned for polycyclic com ponents. Similarly, 200 g o f rubber test sheets were eluted with whole hom ogenized milk for 7 days at 138 F to determ ine w hether fat in the milk would elute polycyclic material from the carbon black used in the rubber. T he milk was then extracted with ethyl ether and petroleum  benzine, and the extract was taken up in benzene and chrom atographed on silica gel and aluminum oxide. Significant portions o f the column material were eluted with methanol and taken up in benzene to determ ine their polycyclic content. T hroughout the testing, scans o f standard polycyclic hydrocarbons were run as controls and to determ ine the sensitivity o f the elution procedure.
Results showed that there was no significant elution o f polycyclic m atter from channel and furnace blacks by hum an blood plasma, artificial gastric fluid, or artificial intestinal fluid [43]. Similarly, food juice com ponents, cottonseed oil, and hom ogenized milk failed to elute any significant amounts o f polycyclic hydrocarbons from test rubber sheets containing 10-20% carbon black. Com parison of benzene extracts of gastric fluid with and without added carbon black revealed that carbon black removed some com ponent o f the gastric fluid ra ther than releasing some of its own com ponents. Also, artificial gastric fluid eluted no detectable concentrations of polycylic hydrocarbons from channel black to which significant am ounts o f benzpyrene were added; this was attributed by the authors to the extensive adsorption potential o f the carbon black.
In 1976, Nau et al [30] presented the results o f a study on the physiologic effects o f thermal carbon black on mice, guinea pigs, ham sters, and monkeys. W hen extracted with hot benzene for 24 hours, the fine therm al carbon black used in these studies showed the presence o f coronene, o-phenylene pyrene, 1,12-benzperylene, 3,4-benz(a)-pyrene, fluoranthene, pyrene,
(d) Metabolism and Elution Studies
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1.2-benz(e)pyrene, and 1-methylpyrene. T o  study the elution o f these benzene-extractable com ponents from the therm al carbon black, the authors incubated three physiologic fluids, synthetic gastric juice with and without cottonseed oil, synthetic intestinal juice, and hum an blood plasma at 37 C for 60 hours and at 28 C for 120 hours. Analysis by UV spectrophotom eter showed no detectable elution o f the adsorbed com ponents by the tested physiologic fluids.
Falk et al [45], in 1958, reported  the results o f an experim ent on the elution o f polycyclic hydrocarbons from a commercial carbon black with an average particle size o f 500 nm known to contain a num ber o f adsorbed polycyclic hydrocarbons. Q uantities o f 50 and 100 mg were incubated at 37 C for 1.5-192 hours with 25 o r 50 ml o f sterile hum an plasma, with continuous shaking for 60 or 90 minutes during the incubation. At the end o f incubation, carbon black was separated from the plasma either by filtration o r centrifugation. T he separated carbon black was then extracted three o r four times with hot acetone to remove the adsorbed polycyclic hydrocarbons, while the plasma was extracted with ether. T he  carbon black and plasma extracts were chrom atographed separately on activated alumina. T he eluents from the columns were scanned for 3,4-benzpyrene, pyrene, fluoranthene, a substance identified only as “ com pound X,”1.2-benzpyrene, 1,12-benzperylene, anthanthrene, and coronene by spectrophom etry and by fluorospectrophotom etry to differentiate between 3,4-benzpyrene and 1,12-benzperylene. Control specimens were run through the same procedure using saline instead o f hum an plasma.
Pyrene, fluoranthene, “com pound X,” and 1,2-benzpyrene were m ore easily eluted by plasma than were 3,4-benzpyrene, 1,12-benzperylene, anthanthrene, and coronene [45]. With prolonged incubation, the percentage o f polycyclic hydrocarbons recovered both in carbon black and plasma decreased, but the authors offered no explanation for this. None o f the polycyclic material was eluted by saline. Falk et al noted  that incubation o f carbon black with hum an plasma for 1.5-192 hours revealed that the degree o f elution o f the polycyclic hydrocarbons by plasma paralleled their elution by nonpolar solvents (such as petroleum  ether) and ether from activated alumina. However, no data were presented to verify this conclusion.
Kutscher et al [46], in 1967, reported  the elution o f 3,4-benzpyrene by bovine serum  and albumin and globulin fractions o f hum an serum. T hree types o f carbon black, namely Corax L (particle size 28 nm), Degussa MT (particle size, 400 nm), and Degussa 101 (particle size 115 nm), were charged with 11-21 mg o f 3,4-benzpyrene/g o f carbon black. Approximately 0.25 or 0.5 g o f Corax L and 0.25 g each o f Degussa MT or Degussa 101 were incubated with 25 ml o f bovine serum at 37 C for 0.25-166, 0.25-60, and 0.25-60 hours, respectively. In a second experim ent, samples o f 0.01-0.05 g o f Corax L containing 0.16-0.89 mg o f 3,4 benzpyrene were incubated with approximately 0.05 g o f hum an serum  fractions o f albumin, alpha, beta or gamma globulins at 37 C for 100-127 hours. In both the experiments, at the end o f each incubation period a sample o f the incubation m ixture was centrifuged or filtered to remove the carbon black, and the supernatant or filtrate was extracted with benzene and analyzed for 3,4-benzpyrene by fluorescence spectroscopy.
O f the three carbon blacks tested, Corax L required 7 hours o f incubation with bovine serum when the first traces o f eluted benzpyrene appeared in the serum, while Degussa MT and Degussa 101 required less than 15 minutes. T he elution o f benzpyrene increased with the incubation period and reached a maximum o f 10, 13, and 20%, respectively for Corax L, Segussa 101, and Degussa MT. This maximum was reached within 60 hours for Corax L, and 4-6 hours for Degussa 101 and Degussa MT. O f the hum an serum  fractions tested, albumin was the only fraction capable o f
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eluting the benzyprene. No quantitative data were given to support this conclusion. This investigation, however, supports the finding o f Falk et al [45], who found that hum an plasma eluted PAH’s from carbon black.
Kutscher et al [44] also tested the ability o f rat lung tissue, in vitro, to elute 3,4-benzopyrene from Corax L. Benzopyrene (0.1 g) was added to the carbon black (5 g) and various am ounts o f the resulting mixture incubated with lung tissue preparations. Lung tissues with and without blood and in water, physiologic sodium chloride, o r potassium hydroxide solutions were used. Potassium hydroxide and sodium chloride solution alone did not elute the benzopyrene from the carbon black. However, when lung tissue, either fresh or after incubation with sodium chloride solution, was tested benzopyrene was eluted, after 15 hours with the fresh tissue and after 100 hours (the first time carbon black was tested) with tissue incubated with sodium chloride. Lung tissue treated with water also eluted benzopyrene from the carbon black after 15 hours but the benzopyrene was detected in the water insoluble parts o f the tissue and not in the water soluble fraction. T he authors had perform ed this study to determ ine if lung tissue fluid could elute benzopyrene as well as blood plasma which had been shown to elute benzopyrene by o ther investigators.
In 1976, Creasia et al [47] conducted studies to evaluate in vivo elution o f 3,4-benzpyrene from carbon particles (nut shell charcoal) in the respiratory tract o f mice. T he results showed that while 50% of the 3,4-benzpyrnene disappeared by 36 hours from the lungs o f those given the carcinogen adsorbed on 15-30 /im carbon particles, 50% 3,4-benzpyrene disappeared within 1.5 hours when adm inistered as 0.5-1.0 /Lim as free crystals. Thus, the retention o f 3,4-benzpyrene adsorbed on carbon black in the lung was m ore than 20 times higher than that o f the unadsorbed3.4-benzpyrene. In contrast, pulmonary clearance o f 50% of the carbon particles was achieved only about the 7th day, thus indicating an elution of 3,4-benzpyrene from the carbon. T he elution rate o f the carcinogen was approximately 15% each day. In another experim ent, animals given3.4-benzpyrene as 0.5 nm  to 1.0-jUm crystals adsorbed carbon particles of0.5-l.0jum  size or carbon particles o f 15-30/im size cleared 50% of the carcinogen from their lungs in less than 2 hours, 1.5 days, and 4-5 days, respectively. T he investigators described as the possible reasons for relatively low carcinogenicity the rapid clearance o f small-sized particles, and hence, a residence time too short for tum or induction, and release o f insufficient carcinogen because o f tight binding to the larger size particles.
In 1977, Creasia [48] reported  the effect o f the stage o f respiratory infection on the elution o f 3,4-benzpyrene from carbon (nut shell charcoal) particles in the respiratory tract o f mice. Seven groups o f 30, 12- to 15-week-old, specific pathogen free, female mice were given an intranasal inoculation o f PR8 influenza viruses. A group o f 30 uninfected mice received an intratracheal insufflation of 103Ru-labeled carbon particles coated with 3,4-benzpyrene in the ratio o f 1:2; another group o f 30 receiving benzpyrene alone served as controls. T hree groups o f infected mice received similar doses o f 3,4-benzpyrene adsorbed on carbon within 0.5 hour or at 7 o r 21 days after the inoculation. At the same intervals three groups o f mice were adm inistered 3,4-benzpyrene alone, for comparison. T he results indicated that the rate o f elution o f benzpyrene from carbon particles increased during the acute stage o f infection and was not different from that o f uninfected controls when m easured either 1 week before or 2 weeks after the acute stage o f infection. This might be a significant factor to consider in assessing the potential carcinogenic risk from PAH’s adsorbed on carbon black.
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Bokov et al [49] studied the distribution and elimination o f carbon black injected into the lungs by intratracheal insufflation. T he thermal black which was used in the study had a diam eter o f 230 nm, a surface area o f 25 sq m /g , and a volatile content o f 2.36%. Forty-four white rats were used in the study. T he test animals received single injections o f 50 mg of carbon black suspended in 0.5 ml o f a physiologic solution containing 100 U o f penicillin; control animals receveived only 0.5 ml o f solution and 1,000 U o f penicillin. U nstated num bers o f animals were killed at various time intervals from immediately after the injection to 12 m onths later; tissues were sectioned, stained, and examined microscopically. Immediately after the injection, carbon black was found in the lumens o f all bronchi and in some o f the alveolae. Some alveolae contained desquamated cells. Carbon black was again found in the bronchi and alveolar but also in some pulmonary lymph vessels 1.5 to 22 hours after the injection. Lobar and lobar-confluent pneum onia was also observed. After 2 months, there was no carbon black in the bronchi o r alveoli but it was observed in the alveolar macrophages, pulmonary stroma, lymph vessels and lymph nodes. Sections made 3-7 months after the injection contained decreasing am ounts o f carbon black in the lymph vessels and increasing amounts in the lymph nodes. A lthough at 9.5 months carbon black was still observed in the stroma o f the lungs, by the end o f 12 months, none o f the lung sections contained carbon black and only small am ounts were seen in the nodes. T he authors concluded that carbon black was eliminated through the bronchi and lymph system but up to 12 months were required for elimination. They also observed collogen fibers that they believed indicated initial sclerosis.
Pylev et al [34], in 1969, presented the results o f a study on the rate o f elimination o f tritiated3,4-benzpyrene after intratracheal administration. T he benzpyrene was given to hamsters with and without carbon black. In all experiments, female cream-coated or golden hamsters, weighing 80-150 g each, were used. In the first experiment, 35 animals received intratracheal injections o f 5 mg of tritiated benzpyrene (36 m icrocuries/m g), and 27 others received 5 mg of tritiated benzpyrene with 1 mg o f furnace black (90% particle size 26-160 nm). T he injected material was always suspended in aminosol vitrum (contained 10% amino acids and low-molecular-weight peptides obtained by enzymatic hydrolysis o f animal proteins in water) and Tween 80 and adm inistered in. a 0.2-ml dose to anesthetized hamsters. A third group received crocidolite with benzpyrene. O f 109 hamsters, 31 died before the end o f the experim ent. T he report did not state how many animals in each o f the three groups died, o ther than m entioning that the third group had several deaths. T hree and 6 hours and 1, 3, 7, 14, 21, and 35 days after the intratracheal administration, three ham sters from each group were killed with an overdose o f ether, and their lungs, liver, and kidneys were removed and prepared appropriately for radioactivity determ ination.
In a second experim ent [34], 70 female cream-coated o r golden ham sters, weighing 130-150 g each, were used [34]. T he num ber o f hamsters in each group was not given. T he three treatm ent groups were similar to those in the first experiment, except that the specific activity o f the tritiated 3,4 benzpyrene used was 20 m icrocuries/mg. Twenty-eight ham sters died, but there was no indication o f how many were in each group. O f the 12 survivors that received benzpyrene alone and 14 that received benzpyrene plus carbon black, 2 or 3 o f each group were killed by decapitation 3, 7, 14, 21, and 28 days after the intratrachael adm inistration; their lungs, liver, and kidneys were removed and prepared for determ ination o f am ount o f radioactive 3,4-benzpyrene present.
All animals in both experiments [34] had severe difficulty in breathing during the first few hours after intratracheal benzpyrene injection. These signs disappeared in 3 days in the ham sters receiving benzpyrene alone o r with carbon black. Examination o f the lungs at autopsy showed lobar pneumonia, primarily in the left lung. Within 3 hours after the adm inistration, 54 and 55%
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of the adm inistered tritiated 3,4-benzpyrene were lost from the lungs o f ham sters receiving benzpyrene alone or with carbon black, respectively. Both groups progressively lost the radioactivity from their lungs, and on the 14th day only 0.67 % and 0.37 % o f the total adm inistered dose remained in these same groups; this decreased to 0.04%  and 0.25%  by 35 days after benzpyrene adm inistration. Thus, retention  o f radioactivity was significantly higher (no P value) in the ham sters given labeled benzpyene with carbon black than in those given benzpyrene alone. Similarly, the livers o f animals that received carbon black with benzpyrene retained a higher percentage o f the total adm inistered dose on day 28 than did those from ham sters that received only benzpyrene. These differences were slight but were seen throughout the observation period. Kidney analyses showed no differences in the radioactivity retained in these organs o f the animals in the two groups up to  21 days, but by day 28 the group that received carbon black retained a higher percentage o f the adm inistered labeled benzpyrene than did the group that received benzpyrene alone.
According to Pylev et al [34], the results suggested that the elimination pattern  for the radioactivity from the lungs, presumably reflecting that o f benzpyrene o r its m etabolites, occurred in two distinct phases: an initial rapid elimination during the first 2 weeks, which was not much influenced by carbon black, and a slower elimination starting in the 3rd week. During this second slow phase, although virtually all the benzpyrene had been eliminated from the lungs, the animals receiving carbon black and labeled benzpyrene retained significantly m ore radioactivity than did those given tritiated benzpyrene alone. T he authors attributed the difference to the particulate nature o f the carbon black, which could adsorb benzpyrene and hence prolong its retention  in the lungs.
Pylev et al [34] also studied changes in lung m acrophage num ber, elimination o f radioactivity through macrophages, and the radioactivity o f blood, feces, and urine after a single intratracheal adm inistration o f tritiated benzpyrene alone, with carbon black, o r with crocidolite. Fifty-two older female hamsters o f unspecified age and weight were divided into groups that were treated the same as those in the radioactivity retention studies. T hree hours and 1, 7, 14, and 21 days after the intratracheal adm inistration, three ham sters from each group were killed by decapitation. Macrophages were removed from the lungs o f each animal by washing with saline, and the remaining radioactivity o f the lungs was m easured. Six hours after benzpyrene adm inistration, hamsters receiving benzpyrene alone had lost 61 % o f the total adm inistered radioactivity, whereas those receiving the tritiated benzpyrene adsorbed to carbon black had lost 55% . O n the 21st day after administration, animals receiving benzpyrene alone o r with carbon black retained 0.11 and 0.18% , respectively, o f the adm inistered radioactivity. T h e  authors believed that these results suggested that carbon black carrying benzpyrene had penetrated  the lung tissue. However j unless the lungs were washed completely free o f macrophages, this conclusion may not be valid.
In a fourth experim ent, 64 female hamsters, weighing 80-150 g each, were divided into 3 groups, which were treated the same as those in the first 2 experim ents, using tritiated benzpyrene with a specific activity o f 35.5 m icrocuries/m g [34]. O n days 1, 7, 14, and 21 after the benzpyrene administration, 1 ml o f blood was taken from three ham sters o f each group. T hree animals from each group were killed on day 1 and two animals each on days 7, 14, and 21. T en ham sters not given any test materials were killed and their lung macrophages recovered to obtain norm al values. Blood samples and macrophages were appropriately prepared  and their radioactivities measured. T hree hamsters from each group kept in separate metabolic cages were used to obtain 24-hour urinary and fecal samples on days 3, 7, 14, 21, and 36 after treatm ent; the radioactivity o f the feces
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and urine samples was measured. Blood analyses revealed no differences in radioactivity elimination until after day 7. O n days 14 and 21, ham sters receiving benzpyrene alone retained m ore o f the total adm inistered label in their blood than did those receiving benzpyrene with carbon black. T here were no differences in urine radioactivity between the two groups throughout the observation period. On day 14, the ham sters receiving benzpyrene adsorbed on carbon black had less radioactivity in their feces than did those receiving benzpyrene alone. T he reverse was true on day 36; the fecal and urinary excretion patterns o f labeled benzpyrene were similar in the two groups. Pylev et al did not explain why the blood o f the animals receiving benzpyrene and carbon black retained less radioactivity on days 14 and 21 than did the blood o f those receiving benzpyrene alone. It is possible that these differences in blood radioactivity were related to the higher retention of the labeled benzpyrene or its metabolites in the lungs o f the ham sters that received carbon black with the tritiated benzpyrene.
On day 7, m ore lung macrophages were recovered from ham sters receiving benzpyrene with carbon black than from those receiving benzpyrene alone [34]. However, the radioactivity/macrophage on days 7 ,14 , and 21 was much higher in the ham sters that had received benzpyrene alone. T he authors concluded that the presence o f carbon black increased m acrophage activity, but they offered no explanation for the lower radioactivity o f each m acrophage in the animals receiving benzpyrene plus carbon black. This could be caused by a dilution effect; animals receiving carbon black contained a greater num ber o f macrophages.
Similar retardation in the clearance o f the 3,4-benzpyrene from lungs o f ham sters was described by Henry and Kaufman [35], in 1973, who adm inistered it intratracheally by coating on carbon, aluminum oxide, or ferric oxide o f four particle size ranges (0.5-1, 2-5, 5-10, and 15-30 jum. Clearance rates determ ined at eight intervals during 10-30,000 minutes after the intratracheal instillation showed that the carcinogen was cleared much m ore slowly from lungs o f carbon-treated animals, and that there was positive correlation between particle size and retention rate.
Correlation o f Exposure and Effect
Effects of both short-term  and long-term  occupational exposure to carbon black have been found in workers producing furnace, thermal, and channel blacks (Table III-1). None o f these reports on the health effects o f carbon black presented exposure concentrations, but a few listed the total dust concentrations o f the work atm osphere. T he concentrations o f total dust ranged from as low as 8.2 m g/cu m [25] to as high as 1,000 m g/cu m [13]. These reports showed that the effects o f carbon black exposure are chiefly on the respiratory system [12-15,17,18,25] but effects were also evident on the skin [13,15,19], oral mucosa [26], and heart [13,15], O ne study [18] noted a higher incidence o f pneumoconiosis in channel black workers than in thermal or furnace black workers. No other reports of effects on humans from carbon black exposure differentiated or com pared the effects o f the three types o f carbon black.
The pulmonary involvement reported  in a num ber o f these studies was characterized by coughing, difficulty in breathing, and pains in the chest and near the heart in carbon black workers[14,15]. Some o f these workers also complained o f headaches, general weakness, malaise [14,15 ], and decreased senses o f smell and hearing [13]. Lung diseases encountered in the carbon black workers, in descending order of prevalence, were pneumoconiosis [12,14,15,17,18,25], pneumosclerosis or pulmonary fibrosis [12-14,15,25], b ronchitis[13,14,18,25], emphysema [14],
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and tuberculosis [12,18]. T he finding o f tuberculosis in carbon black workers might suggest that the exposure to carbon black predisposed the workers to this bacterial disease. However, no evidence was presented that the incidence o f the disease in carbon black workers was greater than that in the general population. In some cases, structural changes in the lungs were accompanied by functional changes in pulmonary dynamics [14,15,18,25].
In comparison to the adverse health effects produced by carbon black, nuisance aerosols reportedly have little effect on lungs and do not produce significant organic disease o r toxic effects when exposures are kept under reasonable control [50], T he lung tissue reaction caused by inhalation o f nuisance aerosols had the following characteristics: the architecture o f the air spaces remains intact, collagen is not form ed to a significant extent, and the tissue reaction is potentially reversible. Since pulmonary fibrosis is encountered in workers subjected to dust exposure during carbon black production [12-15,25], and since an increased concentration o f hydroxyproline (an im portant com ponent o f collagen) in the lungs o f animals exposed to carbon was found [18], carbon black seems to be m ore than simply a nuisance aerosol.
Effects on the respiratory system similar to those encountered in carbon black workers have been dem onstrated in both short-term  and long-term  animal experim ents following inhalation or intratracheal introduction o f carbon black [18,28,30,31]. T hese effects are summarized in Table III-2. Carbon black accumulated in various regions o f the upper and lower respiratory tract in both mice and monkeys exposed to carbon black (85 m g/cu  m o f channel black or 56 m g/cu  m of furnace black for up to 7.1 years; 53 m g/cu m o f therm al black for 3 years) [28,30]. A lthough no impairm ent o f pulmonary function was noted  in the monkeys exposed to channel, furnace, or thermal black, their lungs showed lesions analogous to those found in workers exposed to carbon black, eg, centrilobular emphysema, thickening o f the alveolar walls, and occasional cellular proliferation. In one o f these reports [28], it was noted that channel black penetrated  m ore readily into the interstitial spaces o f the lungs than did furnace black. This is the only report o f effects o f carbon black on laboratory animals that revealed differentiating characteristics between the biologic effects o f furnace black and those o f channel black. This experim ental evidence for pulmonary fibrosis seems to confirm the occasional reports o f pneumoconiosis and fibrosis in workers in the carbon black industry.
Although dermal effects o f carbon black exposure have been less frequently reported , three reports have been identified. Capusan and Mauksch [19] reported  the 5-year incidence o f skin diseases in workers producing carbon black by large-scale sooting o f a wick in a petroleum  lamp burning hydrocarbon and naphthene (cycloparaffin) wastes. O f these workers, 53-86% had specific dermatoses, and 7-16% of the workers had nonspecific derm atoses. Komarova [15] found diseases of the skin in workers engaged in furnace black production, although these were not elaborated. The dust concentration in this work environm ent reportedly exceeded the MPC o f 10 m g/cu  m in 75% o f the samples. In another study, Komarova [13] noted  that, o f m ore than 80 workers exposed to dust at 10-1,000 m g/cu m during packaging o f carbon black, 92% com plained o f skin irritation.
In animal experiments, direct application o f suspensions o f carbon black did not reveal any observable changes [30,39]. However, in the inhalation studies conducted by Nau et al [28], mice exposed to furnace black at 56 m g/cu m for up to 1.65 years showed varying degrees o f skin atrophy or hyperplasia, fibrosis of the dermis, or both. In mice exposed to channel black at 85 m g/cu m o f channel black for up to 1.69 years, subcutaneous edem a was found m ore consistently.
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In contrast, excessive concentrations o f nuisance aerosols caused injury to skin by chemical or mechanical action p er se o r by the rigorous skin cleansing procedures necessary for their removal [50],
In one report on the effects o f carbon black exposure on oral mucosa, Smolyar and Granin [26] examined the oral mucosa o f 300 carbon black workers who had been exposed to active furnace black (particle size 0.3-0.4 jLim). They found that 24 had keratosis and 36 had leukoplakia. These incidences o f keratosis and leukoplakia were 242 and 125% higher, respectively, than those o f the unexposed controls and had a significance o f P<0.003. Keratosis and hyperkeratosis were found primarily in areas where carbon black accumulated, such as in the lip mucosa, transient folds, cheeks, gums, and tongue, whereas leukoplakia was frequently encountered in the com ers o f the m outh and cheeks but rarely on the tongue and lower lip. T he authors considered these lesions pretum orous and attributed them to exposure to carbon black dust and anthracene oils in the workers’ environm ent. By “pretum orous,” the authors undoubtedly referred to the commonly accepted belief that leukoplakia and probably keratosis may in a small but significant num ber o f cases develop into malignancies. As has been reviewed in another criteria docum ent on coal tar products [51], occupational exposure to PAH’s, such as are contained in such mixtures as anthracene oils, may cause keratosis and leukoplakia. In their report [26], Smolyar and Granin also presented animal studies in which mice exposed at concentrations o f carbon black similar to those encountered in the work environm ent had similar pretum orous oral mucosal lesions, but they did not present actual values. A lthough the production o f such pretum orous lesions was not described following exposures to nuisance aerosols, excessive concentrations o f nuisance aerosols reportedly injured the mucous m em brane by chemical or mechanical action [50].
Myocardial dystrophy [ 13] and unspecified cardiovascular changes [ 15] were noted in a few workers exposed to carbon black. Komarova [13] found that, o f m ore than 80 workers exposed at 10-1,000 m g/cu m o f dust and at 5-120 m g/cu m o f carbon m onoxide during packaging o f carbon black, 50% had signs o f myocardial dystrophy. In another study, Komarova [15] also noted cardiovascular diseases in workers engaged in the production o f furnace blacks, where dust concentrations o f 75% o f the samples exceeded the MPC o f 10 m g/cu m. Animal toxicity studies revealing changes in the heart following carbon black exposure were presented by N auet al [28,30]. The ECG’s o f monkeys exposed to channel black 85 m g/cu m for 0.55-0.82 years or to furnace black at 56 m g/cu m for 1.37 years revealed right atrial and right ventricular strain [28]. In comparison, monkeys exposed to therm al black at 53 m g/cu  m for 3 years showed right ventricular, septal, and, to a lesser degree, left ventricular hypertrophy [30]. Mice exposed to furnace black at 56 m g/cu m or to channel black at 85 m g/cu m for 0.55 years had a slightly increased heart-to-body weight ratio (0.61 and 0.56 for furnace and channel groups, respectively, com pared with 0.51 for controls). In the workers with myocardial dystrophy, there were high concentrations o f carbon monoxide. W hether this was a factor in the causation o f the heart changes is difficult to comment on without knowing m ore about what the authors m eant by dystrophy and how it was studied. However, it seems appropriate because o f this observation and the finding o f ECG changes in monkeys to proceed on the belief that carbon black exposure may lead to heart changes. It is im portant that appropriate research be undertaken to resolve this point.
Although no carbon black studies on hum an exposure have investigated the possible effects on the liver, spleen, or kidneys, one study [28] using laboratory animals found that carbon black did affect these organs. In these experim ents, mice exposed to furnace black at 56 m g/cu  m or to channel black at 85 m g/cu m for up to 1.65 years showed changes in the liver, kidneys, and
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spleen. Carbon black was present within the Kupffer cells o f the livers o f a few of the exposed animals, while in the kidneys the phagocytic cells containing carbon black were found around the proximal convoluted tubules and the glomeruli. T he  spleen, kidneys, and liver o f the exposed mice had an increased incidence o f amyloidosis. T he kidneys o f the exposed mice also showed cortical scarring and fibrosis. However, such changes in the liver, spleen, o r kidneys were no t reported  in mice exposed to therm al black at 53 m g/cu  m. T hese findings have not been confirmed by o ther investigations, so the possibility o f their having arisen from intercurrent disease needs to be settled by further investigation. Furtherm ore, there appears to be some confusion as to w hether the concentrations are correctly expressed as m g/cu  m or m g/cu  ft in the original article.
Carcinogenicity, Mutagenicity, Teratogenicity, and Effects on Reproduction
T here were four reports [20-22,26] found on cancer in hum ans related to carbon black exposure. Maisel et al [20] reported  the case o f a 53-year-old research chemist who handled a num ber o f commercial and experim ental carbon blacks for 11 years and developed parotid  duct carcinoma [20]. During this period, he literally ate and breathed carbon black. Maisel et al [20] concluded that the parotid  duct cancer could have been produced by carbon black. T he  authors considered their conclusion reinforced by the presence o f squamous-cell metaplasia, a probable precancerous lesion, and the presence o f a black material (presumably carbon black) in the left parotid gland. They conceded, however, that the black material found in the parotid duct was not analyzed for either polycyclic material o r carbon black. It is also possible that, during the course o f his career, the chemist was exposed to a num ber o f o ther chemicals that might have acted as initiators, prom oters, o r synergists in the overall carcinogenic response. Hence, no definite conclusion can be drawn from this case report on the etiologic significance o f carbon black in parotid duct carcinoma. However, as already indicated, there were m ethodologic deficiencies in these studies.
T he studies o f Smolyar and Granin [26] o f the USSR, however, revealed that the incidences o f pretum orous lesions such as keratosis and leukoplakia in the oral mucosa o f carbon black workers were 242 and 125% higher, respectively, than they were in the unexposed control workers. This points out a possible role by carbon black in the production o f parotid duct carcinoma. Smolyar and Granin also showed that pretum orous oral mucosal lesions, such as keratosis, can be produced experimentally by exposing rats and mice to carbon black, which probably contains PAH’s derived from the starting material (anthracene oil) [27].
Ingalls and his collaborators perform ed three epidemiologic studies o f cancer among employees o f the Cabot C orporation [21-23], T hese three studies neither prove nor disprove that carbon black is a carcinogen. T here  is a suggestion upon com paring the morbidity for carbon black workers with those for o ther workers that carbon black may be a leukem ogen. This possibility raises at least suspicion that an excess risk o f disease may be associated with exposure to carbon black.
While these reports do not give substantial evidence o f carcinogenicity, the suggestion o f carcinogenicity is m ore strongly supported by findings from animal experiments, discussed below, and by the finding o f PAH’s associated with many samples o f carbon black.
In a num ber o f studies conducted by Nau and coworkers [28,30,39,41,52], adm inistration o f whole carbon black (furnace, thermal, o r channel) by oral, inhalation, dermal, or sc routes did
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not produce cancer in mice. However, when benzene-extractable materials from channel and furnace blacks containing the carcinogenic com ponents were adm inistered to mice by skin painting [39] o r feeding [41], malignant tum ors were produced. T hese studies also showed that, when mice ingested methyl cholanthrene, a known carcinogen, adsorbed on benzene-extracted carbon black, they either had a lesser incidence o f carcinomas o f the gastrointestinal tract than did the mice receiving the same am ount o f methyl cholanthrene alone, o r they had no carcinomas there. Also, when methyl cholanthrene o r 3,4-benzpyrene adsorbed on benzene-extracted carbon black was adm inistered by skin painting, the carcinogenicity o f these substances was either reduced or eliminated when com pared with the two carcinogens not adsorbed on carbon black. Similar conclusions were reached by Shabad et al [32], who reviewed the unpublished investigations o f Linnik. In these investigations, sc adm inistration o f benzpyrene adsorbed on carbon black showed that the carcinogenicity o f benzpyrene was minimized o r elim inated com pared with the carcinogenicity o f free benzpyrene that was not adsorbed on carbon black. Such decreases in the carcinogenicity o f methyl chloranthrene and 3,4-benzpyrene were believed by Nau et al [41,39] and by Shabad et al [32] to indicate that carbon black adsorbs these substances so firmly that either they are not released at all o r they are released so slowly that they are ineffective as carcinogens.
Falk et al [45] showed that incubation o f 50 and 100 mg o f a commercial carbon black with 25 or 50 ml o f sterile hum an plasma for 1.5-192 hours eluted varying am ounts o f  pyrene, fluoranthene, com pound X, 1,2-benzpyrene, 3,4-benzpyrene, 1,12-benzperylene, anthanthrene, and coronene. T he studies o f Kutscher et al [46] using bovine serum and hum an serum  fractions for elution o f 3,4-benzpyrene from three types o f carbon blacks confirmed the findings o f Falk et al [45]. In these studies 10, 13 and 20% o f the adsorbed benzpyrene was eluted from carbon blacks o f 28-, 115-, and 400-nm particle diamaters, respectively, by bovine serum. Also, these investigators noted that, o f the four hum an serum fractions tested, only albumin eluted the adsorbed benzypyrene from carbon black. Creasia [48] reported  that, if 3,4-benzpyrene-coated carbon particles were introduced into the respiratory tract o f mice during the acute stage o f respiratory infection by PR8 influenza viruses, the rate o f benzpyrene elution from the carbon particles was increased. However, when benzpyrene-coated particles were introduced either 1 week before or 2 weeks after the acute stage o f infection, the rate o f elution was not different from that o f the uninfected controls. Neal et al [43] found that incubation o f channel and furnace blacks and several commercial rubber formulations containing 10-20% carbon black by weight, with hum an blood plasma, artificial intestinal fluid, artificial gastric fluid, whole milk, cottonseed oil, o r food juice com ponents (aqueous solutions o f citric acid, acetic acid, sodium chloride, o r sodium bicarbonate) failed to elute any polycyclic hydrocarbons adsorbed on these materials.
Shabad et al [32] found that six intratracheal adm inistrations o f 10 mg o f channel black with0.1 mg o f adsorbed benzpyrene in rats produced lung neoplasms (9.6% o f which were squamous-cell carcinomas) in 40% at 16 months while 24% o f those receiving the benzpyrene adsorbed on therm atomic black had lung tum ors at 10 months. A lthough no lung cancers were observed in the latter group, reticulosarcoma o f the peribronchial and perivascular lymphoid tissue was detected in 22%. T he rats in this study that received six intratracheal doses o f 0.1 mg o f benzpyrene alone had neither tumors n o r precancerous lesions. In  a somewhat similar experim ent Pylev [33] found that o f 68 rats given six intratracheal doses o f 10 mg o f channel black with 0.1 mg o f adsorbed 3,4-benzypyrene, 44 developed inflammatory or pretum orous changes in their lungs within 6 months. O f these, 11 were described as having had diffuse hyperplasia and proliferation o f the epithelium o f the small and medium bronchi, diffuse hyperplasia and proliferation o f the peribronchial mucous glands in 10, focal growth o f the bronciular epithelium
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with signs o f planocellular metaplasia in 6, focal growth o f the bronchiolar epithelium  without cellular metaplasia in 12, and 5 cases with adenom atous growths. T he 15 rats that received six intratracheal doses o f 0.1 mg o f benzpyrene did not develop any changes in their lungs. A similar increase in the incidence o f lung carcinomas was observed by Farrell and Davis [36] after intratracheal adm inistration o f 3,4-benzpyrene with particulate carriers such as carbon, aluminum oxide, o r ferric oxide. Pylev et al [34], in studying the elimination o f tritiated 3,4-benzpyrene given intratracheally to ham sters with or without carbon black, found that, in the presence o f carbon black, lungs o f the form er group retained significantly m ore radioactivity than did those o f the latter at 28 days, although the am ount retained was only a very small percentage o f the total adm inistered dose. Pylev [33] noted  a similarly prolonged retention o f 3,4-benzpyrene adsorbed in channel black in the lungs o f rats given this substance intratracheally. Similar retardation in the clearance o f 3,4-benzpyrene adsorbed on carbon from the lungs o f ham sters was described by Henry and Kaufman [35] following intratracheal adm inistration.
Thus, although carbon black by itself has not been shown to cause cancer, the carcinogenicity o f the benzene extracts o f carbon black has been well docum ented. These reports on the carcinogenicity o f the polycyclic hydrocarbons adsorbed on the carbon blacks, their elutability by hum an plasma, and the ability o f carbon black to enhance retention o f known carcinogens indicate that occupational exposure to carbon black poses a significant carcinogenic hazard depending on the am ount o f the adsorbed PAH’s and their ability to be freed from carbon black. This risk might be enhanced under certain conditions o f the work environm ent, such as elevated tem peratures or presence o f solvents that facilitate the desorption o f these carcinogens from carbon black. O ther situations such as respiratory infections o r o ther conditions o f health o f the employee that might increase the elution o f the adsorbed PAH’s from carbon black are likely to increase the risk o f cancer. Although several papers [45,46,48] have emphasized the im portance o f elutability of adsorbed PAH’s from carbon black as a criterion o f carcinogenicity o f the contam inated carbon black, there is no reason to suppose that all the PAH is cryptically located. So long as there is some appreciable affinity between the PAH and some com ponent o f the cellular m em brane, simple contact o f the particle o f contam inated carbon black with the m em brane should suffice for transfer o f a fraction o f the adsorbed PAH from carbon black to the m em brane. T he im portance of elutability in carcinogenicity o f PAH contam inated carbon blacks is probably quantitative rather than qualitative. It also needs to be noted that elutability is a function not only o f relative adsorptive nature o f com peting materials but also o f relative am ounts o f each. Elutability is not to be ignored as a factor contributing to the carcinogenicity o f carbon blacks contam inated with PAH’s but should not be regarded as the only im portant determ inant o f this type o f toxic action.
No reports on hum ans or animals suggesting a mutagenic o r teratogenic potential o f carbon black and its extracts and their effects on reproduction have been found.
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T A B L E  III- l
E F F E C T S  O F  E X P O S U R E  TO  C A R B O N  BLA C K  O N  H U M A N S




Process C oncen tra t ion  (m g /cu  m) D ura t ion(yr)
80 — — — 10-1,000* — Skin irritation, bronchitis, pneumosclerosis , myocardial dystrophy
13
643 — — Furnace > 1 0  in 75% of areas samples* —
Bronchitis, pneumosclerosis, 
pneum oconiosis 15




M Channel,furnace 8.4-24* 10-38 Pneum oconiosis 17
89 — — --- — < 5 - >  17 Pneum oconiosis ,  fibrofocal pu lm onary  tuberculosis, pu lm onary  
fibrosis
12
1 53 M Channel,furnace,thermal,
others
11 Squam ous-cell metaplasia  of left 
parotid  duct and  gland 20
66 35-
40
M & F — — 3->19 Pneum oconiosis ,  pneumosclerosis, 
bronchitis, emphysema. 14
357 — --- Furnacechannel,
therm al
--- > 6 Pneum oconiosis ,  bronchitis, 
weakness in au tonom ic  nervous system
18
--- — --- S ooting  o f  a wick
--- — Stigm ata  with fissured hyperkeratosis , ta tooing, eczema, pruritus
19
300 — — F urnace — — Keratosis, leukoplakia 25
♦Measured as total dust concentra tion
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T A B L E  III-2
E F F E C T S  O F  E X P O S U R E  T O  C A R B O N  BLACK. ON A N IM A L S
N um ber,  Type of Exposure
R oute  of Sex, and C a rb o n  C oncen tra t ion  Ref-
E xposure  Species Age Black and  D ura t ion  Observed Effects erence
Inhala tion  M onkey C hannel  85 m g /c u  m* Emphysem a, right atrial and x 13,000+ hr ventr icular strain 28
Furnace 56 m g /c u  m* 
x 13,000+ hr
28
12 T herm al 53 m g /c u  m Em physem a, right ventricular,x 5,784 hr septal, left ventricular
hypertrophy
30
M ouse 132 M C hannel  85 m g /c u  m* B ronchopneum onia ,  em physem a, 28 
10 wk x 200-300 hr kidney fibrosis and  corticalscarring, subcutaneous  edem a
148 M Furnace 56 m g /c u  m* B ronchopneum onia ,  em physem a, 28 10 wk x 444-3,000 hr. a trophy , hyperplasia, fibrosis ofskin
100 Therm al 53 m g /c u  m for 
unspecified time
No significant lung changes 30
110 A trophy, hyperkeratosis, 26
desquam ation ,  and  acanthosis  in 
buccal m ucosa
H am ster 8 M 6 wk Furnace,therm al 105-113 mg/'cu m for 
1,032 hr
Mild chron ic  inf lam m ation o f  t rachea  and larynx 31
6 M 
6 wk 105-113 mg/'cu m for 318 hr 31
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T A B L E  I I 1-2 (C O N T IN U E D )
E F F E C T S  O F  E X P O S U R E  T O  C A R B O N  BLAC K ON A N IM A L S
N um ber,  Type of Exposure
Route o f  Sex, and C a rb on  C oncen tra t ion  Ref-Exposure  Species Age Black and  D ura t ion  Observed Effects erence
Inhalation H am ster  60 Therm al 106 m g /cu  m No change in larynx, trachea, x 172 d hypopharynx ,  o r cervicalesophagus
30
17 M Furnace,
1.5 mo therm al 55-58m g /c u  m x 236 d
E dem a of thy roar teno id  fold in 
lamina p ropria
31
40 T herm al 53 m g /c u  m Subepithelial changes in
x 236 d thyroar teno id  fold consistentwith edem a
30
Guinea pig 40 53 m g /c u  m for unspecified time
Phagocytes with carbon  black in alveoli 30





Furnace 240 m g /c u  m for 
unspecified time
50 mg in 1 ml rat serum




52 Channel 10 mg and 0.1 
mg adsorbed benzpyrene x 
6 doses
Lung neoplasms 32
50 T herm a-tomic R eticu losarcom a o f  peribronchial  32 and  perivascular lymphoid tissue
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T A B L E  li 1-2 (C O N T IN U E D )
E F F E C T S  O F  E X P O S U R E  TO  C A R B O N  BLA C K  ON A N IM A L S




Type of C a rb on  
Black
Exposure 
C oncen tra t ion  
and  D ura t ion Observed Effects
Ref­erence
Oral Mice 20 M F  8 wk
Thermal 10% for 75 wk No significant changes over controls 30
" "
6-10 wk — 10%12-18 mo
No changes 41





No ill effects 41
100 Benzene- extracted  black, water 
base
182-243 g Tum ors:  4 skin tum ors , 3 benign 
papillomas, 1 intracutaneous f ib rosarcom a
41
80 — 0.261-0.509 g 12-18 mo 10/80 developed gastrointestinal tum ors  after  being fed 0.02% 
benzene extract,  water base
41
" " 30 — 0.366 g 18 mo No effects after having been fed 0.02% benzene extract,  oil base 41
21 — 0.08% 2 gastroin testinal  tum ors  and  2 leukemias after having been fed benzene extract ,  w ater base
41
" " 22 — 0.08% 4 s tom ach  tum ors  after having 
been fed benzene extract ,  oil base 41
C arb on  black with methyl 
cholanthrene
123-327 g No changes 41
" — — 18%10 mo No effects 38




No reports on the m easurem ents o f carbon black dust in the breathing zones o f workers have been located. Most o f the carbon black dust m easurem ents have been from specific working areas within a particular plant, and involved the m easurem ent o f the total airborne dust rather than a particular carbon black or chemicals that may be associated with carbon black.
In 1961, Sands and Benitez [53] described the use o f a high-volume sam pler and a standard pleated filter to collect total dust in areas o f the plants where carbon black was used. Results from their study are given in Table IV-1.
T A B L E  IV-1
TO TAL D U ST  C O N C E N T R A T IO N S  (M G /C U  M) IN O N E  U R U G U A Y A N  A N D  T W O  US RUBBER PLANTS
Plant Locations U ruguayan Plant
United States P lan t A
United States Plant B
Banbury Loading 1.77-4.59 14.1-17.7 7.77-38.9
Milling 1.41-3.18 21.2 7.77-13.4
General  air (Mill room)
0.14-0.28 1.06-2.12 1.06-4.24
Outside the plant — 0.04-0.11 —
A dap ted  from reference 53
Generally, the concentrations were somewhat lower in the Uruguayan plant than in the US plants. T he Banbury loading areas showed the highest concentration o f total dust, ranging from 1.77 to 38.9 m g/cu m.
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In April 1972, K ronoveter [54] perform ed a health hazard evaluation o f a commercial warehouse, which had a total o f approximately 200,000 sq ft o f floor space. T he carbon black storage area covered 10,000 sq ft. Samples o f airborne dust in the carbon black storage area were collected on 37-mm diam eter vinyl metricel filters and analyzed gravimetrically. T he sample pum p was operated at 1.7 liters/m inute. All the air samples collected yielded airborne dust concentrations below the US D epartm ent o f Labor standard o f 3.5 m g/cu m for carbon black; the concentrations were below 0.8 m g/cu m.
From July 1972 to January 1977, the Occcupational Safety and Health Administration [55] conducted 85 workplace investigations to determ ine compliance with the carbon black occupational exposure limit. Approximately 20%  o f the workplaces inspected were in violation o f the 3.5 m g/cu m exposure limit (29 CFR 1910.1000), and about 60% o f these were 1-2 times above 3.5 m g/cu m.
Sampling and Analysis
Occupational exposures to carbon black usually involve concom itant exposure to other airborne particulate materials. Present sampling and analytical technology does not allow for a reliable separation o f carbon black from other airborne contam inants. Since there is no reliable m ethod available for the separation o f carbon black from other airborne contam inants, the total dust is usually m easured as an indication o f carbon black airborne contam ination. Techniques for sampling airborne particulate material are well defined [56,57]. M embrane-filter sampling and high-volume sampling techniques have been applied to the collection o f carbon black dusts in work environm ents [53,54].
With a high-volume sampler, Sands and Benitez [53] evaluated dust exposure in rubber factories where carbon black was used. T he standard pleated filter used with this sampler was dried to a constant weight before use, and the dust samples collected on the filter were m easured gravimetrically. High-volume samplers have the disadvantage that they usually cannot be positioned in the breathing zone o f employees. Therefore, the actual employee exposure cannot be estimated as closely as it can be with personal sampling.
Kronoveter [54] conducted a health hazard evaluation o f a carbon black storage area by collecting general, room air dust samples and weighing them. T he dust samples were collected on 37-mm diam eter vinyl metricel filters with the filters facing down and were taken at a sampling rate o f 1.7 liters/m inute. M easurements o f general airborne dust concentrations may not indicate employee exposure adequately. T he concentrations o f carbon black dust close to a machine or process may be quite different from those in the breathing zone o f an employee. Hence, collection o f breathing zone samples is essential if one is to determ ine actual employee exposure. A breathing zone sampling device should be small enough to be conveniently attached to an em ployee’s clothing without interfering with that person’s work and should preferably contain no fragile glassware or liquids. M embrane-filter collection o f dust using a battery-operated personal, sampling pump satisfies these conditions.
Particulate separators are available for the determ ination o f either mass or num ber concentrations [57]. In part because num ber concentration determ inations, ie, counts o f num bers o f particles per unit volume, such as million particles per cubic foot (mppcf), usually require the
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use o f either laborious microscopic counting techniques or complex electronic counting equipm ent, mass concentration determ inations by simple gravimetric methods are generally preferred. Instrum ents used for mass concentration determ inations are in either o f two broad categories, those with and those without a preselector (an elutriator, a cyclone, or other aerodynamic classifier). T he preselector removes those particles that are larger than about 5 fim [57]. A mass concentration determ ination without the use o f a preselector is generally referred to as a “ total dust” concentration determ ination; use o f a preselector is associated with ‘respirable dust” sampling [58,59].
Carbon black dust is mostly in the respirable range; particles o f carbon black have diameters less than 0.5 jum, with those o f most types o f carbon blacks being smaller than 0.3 jum. Most industrial exposures o f workers to carbon black during its m anufacture o r use involve activities during which carbon black is the predom inant particulate species present; therefore, the use o f a preselector during m onitoring o f these activities would be superfluous. At activities during which a variety o f dusts may be generated, some airborne industrial dust in the general work environm ent would be expected to be in the respirable range; therefore, use o f a preselector would not separate carbon black dust from other respirable dusts present. In this case, appropriate chemical treatm ent o f a total dust sample might yield m ore meaningful data.
Norwitz and Galan [8], in 1965, reported  procedures for determ ining the presence o f carbon black and graphite in nitrocellulose-based rocket propellants. T heir spectrophotom etric m ethod involved dissolving carbon black in boiling nitric acid to produce a solution whose yellow color comes from polycarboxylic acids with cyclic structures. T he carbon black was first separated by dissolving the propellant in m orpholine and filtering it through an asbestos mat. After the residue carbon black was washed with acetone, hot water, and hot hydrochloric acid, it was dissolved by boiling in nitric acid and measured spectrophotom etrically at 540 nm. Since the color depends on the particle size o f the carbon black, it was necessary to use the identical carbon black sample for the standard. Furtherm ore, some types o f carbon blacks were only partially dissolved, even after boiling with nitric acid for 3 hours. No examinations o f the suitability o f this m ethod for determ ining concentrations o f airborne carbon black have been found.
Atmospheric carbon black concentrations have been usually determ ined by simple gravimetric m ethods [53,54,60]. Some investigators used predigestion with nitric acid to destroy organic m atter, and then dried and weighed the residue containing free carbon black and insoluble inorganic m atter [61]. T he free carbon was then determ ined by the loss o f weight on ignition between 140 and 700 C. Kukreja and Bove [62] modified this technique to determ ine lamp black collected on a high-volume, glass-fiber filter. T heir procedure consisted o f decom posing the glass-fiber mat with hydrofluoric acid, followed by dissolving insoluble inorganics and digesting organic material through the actions o f ammonium hydroxide, nitric acid, and hydrochloric acid. T he free carbon content was then determ ined by the difference in weight o f the residue after heating first at 150 C and then at 700 C. These methods might be useful in the determ ination of airborne carbon black when other airborne particulate material is present. However, the methods have been tested only at concentration ranges well above the current Federal standard for carbon black (3.5 m g/cu m) [63], In addition, the precision, range, and sensitivity o f the methods were not presented in these reports, so com plete appraisal o f their suitability for determ ining airborne carbon black concentrations in the workplace is not possible.
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From the available evidence summarized in C hapter III, carbon black apparently causes primarily pulmonary changes such as pneumoconiosis [12,14,15,17,18,25] and pneumosclerosis or pulmonary fibrosis [12-15,25]. Studies that have associated carbon black with pulmonary changes in the work environm ent have reported  total dust concentrations rather than specific carbon black exposure concentrations. Carbon black particles are less than 0.5 fim in diam eter[2], so they are therefore respirable. Also, over 90% o f the particles in total dust samples from carbon black plants have been reported  to be respirable [25]. T herefore, a preselector would not be useful. NIOSH [60] developed a gravimetric m ethod for m onitoring worker exposure to carbon black. A known volume of air was drawn through a tared polyvinyl chloride filter, and then the filter was dried to constant weight over a desiccant and weighed with a suitable microbalance. T he m ethod consists o f drawing a known volume o f air at 1.0-2.0 liters/m inute through a tared 37-mm, 2.0-jixm pore size, polyvinyl chloride m em brane filter. T he sample is m easured gravimetrically after drying the filters over a desiccant to a constant weight. This m ethod was validated over the range of 1.86-7.7 m g/cu m at atm ospheric tem perature and pressure ranges o f 18-25 C and 749-761 mmHg, respectively, using a 200-liter sample. It has an estim ated working range o f 1.5-10 m g/cu m. T he m ethod was also validated for a 100-liter sample over the range o f 7.8-27.7 m g/cu m. The method, although nonspecific and subject to interference from other particulate m atter in the work environm ent, is simple and amenable for use with personal monitoring.
Because carbon black adsorbs PAH’s, some of which are carcinogenic, it poses a risk o f cancer. Also, since the adsorbed PAH’s vary in type and in am ount, based on both the type and grade o f carbon black and the source o f PAH’s, a single environm ental limit based on gravimetric determ ination o f carbon black is not adequate to assess the risk o f cancer developm ent due to PAH’s. A nother m ethod to selectively m onitor contam ination o f the carbon black by adsorbed PAH’s is therefore necessary.
In selecting a method to m onitor the carbon black for PAH’s, consideration has been given to specific analysis o f such PAH com ponents as benzo(a)pyrene or to extraction o f the sample with a suitable solvent for m easurem ent o f total PAH’s (actually, o f total PAH’s extractable by the selected solvent). The selection o f total cyclohexane-extractable material, rather than analysis o f one o r m ore specific com ponents, is based on the argum ents presented  in a review and analysis in a previous criteria docum ent on Coal T ar Products [51].
As reviewed in that docum ent as well as, in part, in the criteria docum ents on Asphalt Fumes [64] and Coke Oven Emisssions [65], PAH’s contain many substances often thought or known to be carcinogenic. T he concentrations o f specific com pounds in any sample o f PAH’s are variable. In addition, as discussed in the docum ent on Asphalt Fumes [64], there are many factors affecting tum ors yields and carcinogenic responses, including either enhancem ent o r inhibition of carcinogenesis by compounds within the same class o f chemicals. These factors, and especially that pertaining to the great variability o f concentration o f any one com ponent, argue for the m ore traditional m ethod o f extracting with a suitable solvent and expressing the airborne concentration in terms o f solvent extractables. NIOSH [66] has concluded that benzene is especially hazardous and capable o f causing leukemia, so, as was concluded in the criteria docum ent on Coal T ar Products [51], cyclohexane extraction is recom m ended pending the definitive study o f the analysis o f airborne PAH’s.
Thus, PAH content o f carbon black should be analyzed by determ ining the weight o f material extracted from filters by cyclohexane with the aid o f ultrasonication.
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Although a NIOSH validated m ethod for sampling and gravimetric analysis o f carbon black is available, a modified sampling and gravimetric analysis as described in the NIOSH criteria documents Criteria for a Recomm ended Standard...Occupational Exposure to Asphalt Fumes [64] and Coal T ar Products [51] is recom m ended so that both total carbon black and PAH’s (cyclohexane extractable) can be determ ined in the same sample. T he sampling and analysis methods described in Appendix I provide for the collection o f total dust on a glass fiber filter with a silver mem brane filter back-up. After collection o f the sample, the weight o f total particulates on the filter is determ ined by gravimetric analyses as also described in Appendix I. T he final weight o f the filter should be determ ined on the same balance that was used for determ ining the presampling weight. Before each weighing the filter should be equilibrated in a constant humidity chamber, and a static charge neutralizer should be attached to the balance to improve reproducibility o f the weight determ inations and thus enhance the gravimetric accuracy.
T he filter pore size recom m ended is 0.8 fJ.m. In the usual case o f particulate sampling this pore size results in efficient collection. Smaller pore sizes will also collect efficienty, but there is concern over a possible increase in the pressure drop across the sampling train. Pore sizes significantly greater than 0.8 fim  may cause a lesser efficiency in collection.
Engineering Controls
T he m ajor hazards encountered in workplace exposure to carbon black arise from the potential for respiratory disease [12-15,18,25] and from the problem s associated with dermal contact [13,15,19]. Engineering controls should therefore be directed towards minimizing the potential for inhalation o f and dermal contact with carbon black.
Because o f the subm icrom eter particle size o f most commercial carbon blacks, dusts generated at specific activities can be captured by an air stream with a relatively low velocity. However, the small particle size also means that a highly efficient collection system must be used to remove carbon black swept into a ventilation system. M anufacturers use elaborate baghouse collection systems for product recovery during the manufacture o f carbon black [10]. Because of the physical properties o f carbon blacks, eg, their small particle size and low density, the blacks tend to be ubiquitous in the work environm ent o f both m anufacturers and users until they are mixed with a containing material. Therefore, even when the environm ental concentrations of carbon black are kept below the recom m ended limit, there may still be physical evidence that carbon black is present.
In general, local exhaust ventilation is m ore effective than general ventilation in controlling concentrations o f airborne carbon black. W herever a source o f carbon black release into the worker environm ent exists, local exhaust ventilation can be used to minimize contam ination o f the general environment. General ventilation is im portant in areas not readily controlled by local exhaust ventilation. W hen exhaust ventilation is used, adequate makeup air, conditioned as needed for worker comfort, should be supplied. Good ventilation practices, such as those outlined in the current edition o f Industrial Ventilation A Manual o f Recom m ended Practice [67], published by the American Conference o f Governm ental Industrial Hygienists (ACGIH), should be followed. Design and operation guides can also found in Fundamentals G overning the Design and O peration o f Local Exhaust Systems (Z9.2-1971), [68] published by the American National Standards Institute (ANSI). T o be useful, enclosures, hoods, and duct work must be kept in good repair so
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that design airflows are maintained. All systems lose efficiency over time, so that it is necessary to m onitor airflow regularly. T herefore, continuous airflow indicators, such as oil o r water m anom eters, are recom m ended. M anometers should be properly m ounted at the junctu re  o f the fume hood and duct throat or in the ventilation duct and marked to indicate the desired airflow. Employers should establish a schedule o f preventive m aintenance for all equipm ent necessary to keep the environm ental levels o f carbon black at o r below the recom m ended limit. M aintenance o f a slight negative pressure throughout the dry carbon black handling systems aided in retaining the dust released when leaks and ruptures developed [10]. Mechanization, process enclosure, and bulk handling offer additional means o f minimizing worker exposure to carbon black.
In the manufacture o f carbon black, one o f the dusty operations is the packing o f carbon black in bags. Similarly, manually emptying the bags o f carbon black also creates dusty environments. Bagging operations in m anufacturing plants should be provided with local exhaust ventilation kept in good repair. Users o f carbon black should install autom ated handling equipm ent if it is compatible with the process. If  bag-size quantities o f carbon black are essential, the user should ascertain w hether the black could be packaged in a bag made o f a material that is compatible with the process and thereby eliminate the necessity o f opening and pouring from bags. If  bags must be opened, the workers should be provided with suitable respirators when engineering controls, such as local exhaust ventilation, are not sufficient to control concentrations o f airborne carbon black.
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V. WORK PRACTICES
Most exposure to carbon black occurs in its production, particularly during pelletization, screening, bagging, hopper car loading, stacking, and unloading [10]. Exposure may also occur when equipm ent is cleaned, when leaks develop in the conveyor system, or when spills occur. The greatest carbon black release into the work environm ent was reported  to occur when it was spilled before pelletization [10]. In tire manufacture, exposure to carbon black may occur from leaks in the conveyor systems and Banbury mixers or during m aintenance operations. Good work practices and engineering controls should, therefore, be instituted to minimize or prevent inhalation or ingestion o f or skin contact with carbon black during its production, processing, distribution, storage, and use.
In addition to im plementing sound engineering controls, employers should institute a program  of work practices that emphasizes good personal hygiene and sanitation. Such practices are im portant in preventing the possible developm ent o f cancer and the o ther effects on the respiratory system and skin associated with occupational exposure to carbon black. In addition, workers should be advised to shower or bathe after each workshift. If skin irritation is observed, the employee should be referred to a physician for appropriate medical care. Since carbon black may contain carcinogens and is very ubiquitous, the rest, eating, and smoking areas should be separated from the work areas.
Under normal operating conditions, respirators should not be used as a substitute for p roper engineering controls. Respirators should only be used during emergencies, during nonroutine maintenance activities, and during the time necessary to test controls when appropriate engineering controls or administrative measures might not reduce the level o f airborne carbon black to the permissible limit. Respirators conform ing to Table 1-1 and approved under 30 CFR 11 should be provided to employees, and a respiratory protection program  should be established in compliance with the current Federal standard, 29 CFR 1910.134. Emphasis should be directed toward providing clean, well-maintained, well-fitted respirators for use in emergencies and unusual circumstances. T he interior o f the facepiece should not be contam inated by carbon black. T he Respiratory Protective Devices Manual [69] and A Guide to Industrial Respiratory Production [70] should be consulted for further information on respirators.
Respirators have been selected for inclusion in Table 1-1 to protect against both the PAH’s (cyclohexane extractable content) o f the carbon black and the carbon black particles themselves. Concentrations greater than 3.5 m g/cu m have created a dark cloud [71] which would result in air concentrations so dense as might preclude the safe exit o f employees in an emergency situation. The selection o f the proper facepiece is difficult because o f the possibility o f particle buildup on the full facepiece that would impede adequate visibility. No reports were found that indicated that carbon black is an eye irritant. However, if eye irritation occurs, chemical safety goggles should be provided. Concentrations o f cyclohexane extractables greater than 0.1 m g/cu m present an unacceptable risk with any respirator o ther than positive pressure, supplied-air or self-contained, full-facepiece respirators.
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Skin irritation may be experienced by some workers exposed to carbon black [13,15,19] and might also result from the rigorous cleansing during the daily shower required after carbon black exposure. Employees experiencing skin irritation should be referred to a physician. Gloves or o ther personal protective equipm ent should be provided, used, and m aintained in accordance with 29 CFR 1910.132-137. T he protective equipm ent and clothing must be kept hygienic and uncontam inated and should be cleaned o r replaced regularly. Employees should keep this equipm ent in suitable designated containers o r lockers provided by the employer when the equipm ent is not in use.
Clean work clothing should be put on before each workshift. T he p roper use o f full-body protective clothing requires a snug but com fortable fit around the neck, wrists, and ankles whenever the wearer is in an exposure area. At the end o f the workshift, the employee should remove soiled clothing and shower before putting on street clothing. Street and work clothing should be separated within the change area. Clothing or o ther equipm ent must not be cleaned by blowing with air under pressure because airborne dust will be generated. Soiled clothing should be placed in a designated container and laundered before reuse.
Spills of carbon black should be promptly cleaned up by vacuuming and hosing down with water to minimize inhalation or skin contact. A plant-wide vacuum system may help to pick up spills and perform  other cleanup and m aintenance operations [10]. No dry sweeping or blowing should be perm itted since only further contam ination o f industrial areas would occur. All waste material generated by the processes should be recycled or disposed o f in compliance with local, state, and Federal regulations.
Although the NIOSH/OSHA Draft Technical Standard and Supporting D ocumentation for Carbon Black [72] warned against the dust explosion hazard o f carbon black, o ther reports[73-76] suggested that carbon black presents only a m oderate fire hazard rather than a dust explosion hazard. The ignition tem peratures of carbon black dust explosions have been 445-890 C, and 35-74% oxygen was required [73]; hence, carbon black does not pose an explosion hazard in normal industrial environments. However, carbon black can sometimes be ignited following the careless use o f open flames around carbon black, especially around carbon black packaged in paper bags [74]. Because carbon black burns slowly with little heat, carbon black fires tend to sm older and are difficult to detect. When carbon black fires do occur, carbon m onoxide will be produced. Carbon black is electrically conductive, and dust collected on exposed electrical equipm ent might cause short circuits [74]. T he National Electrical Code 1978 [75] classifies the presence o f carbon black, charcoal, coal, and coke dusts with m ore than 8%  total volatile material, or atm ospheres containing these dusts sensitized by o ther materials so that they present an explosion hazard, as circumstances that require special precautions for safe perform ance o f electrical equipm ent. However, none of the commercially available carbon blacks exceed 8%  volatile content. Talmey [74] reported that carbon black, when mixed with dusts known to be explosion hazards, acts as an inert material, neither inhibiting nor prom oting the propagation o f the explosion. No data were presented to support this conclusion. Carbon black should be stored in leakproof containers in well-ventilated areas away from strong oxidizers. Sources o f ignition, such as welding o r o ther open flames, should be used cautiously in areas where carbon black is packaged or stored in bulk and should not be used when the carbon black is directly exposed to flames or sparks. Such measures are deem ed essential because three workers died in a carbon black tank from the carbon monoxide given off by smoldering carbon black [77,78], Evidently, sparks from a blowtorch used by the workers ignited a few bushels o f carbon black.
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W arning signs and labels indicating the respiratory and skin effects, ventilation requirem ents, and the potential for fire hazard should be placed on railroad cars used for bulk transport o f carbon black and on bags containing the substance. In  addition to these signs, posting should include additional warning signs to inform the employees where respiratory protection is needed and to alert them of the carcinogenic potential when the concentration o f PAH’s exceeds the recom m ended TW A limit. In all workplaces in which carbon black is handled, written instructions informing employees o f the particular hazards o f carbon black, the m ethods o f handling it, procedures for cleaning up spills, and the use o f personal protective equipm ent must be on file and available to employees. Employers may use the Material Safety Data Sheet in Appendix III as a guide to the inform ation that should be provided.
To control the occupational hazards associated with exposure to carbon black, good work practices, personal hygiene, and p roper training o f employees are necessary. All new or newly assigned carbon black workers should receive on-the-job training before they are allowed to work independently. Employees must be thoroughly trained to use all procedures and equipm ent required in their employment and all appropriate emergency procedures. Employers should ensure that employees understand the instructions given to them. Employees should attend periodic safety and health meetings conducted at least annually by the em ployer and records of attendance should be kept by the employer.
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VI. DEVELOPMENT OF STANDARD
Basis for Previous Standards
In 1965, the Threshold Limits Com mittee o f the American Conference o f Governmental Industrial Hygienists (ACGIH) proposed a Threshold Limit Value (TLV) o f 3.5 m g/cu  m for an 8-hour workday or 40-hour workweek for carbon black [63]. T he 1966 D ocum entation o f the T hreshold Limit Values for Substances in W orkroom Air [79] cited a num ber o f reports to support the need for a TLV for carbon black. These reports were also cited in support o f the TLV of 3.5 m g/cu m adopted by the ACGIH in 1967 [80]. Both the 1966 and 1971 editions o f Documentation of the Threshold Limit Values for Substances in W orkroom Air [79,81] cited the report by Sands and Benitez [53] as the basis for setting a workplace environm ental limit for carbon black. Sands and Benitez [53] suggested a tentative limit o f 3.5 m g/cu  m as safe and practical for exposure to rubber mill room  dust. T heir suggestion was based on the concentrations o f carbon black in the air o f rubber factories in Uruguay and the United States. T he docum entations [79,81] also cited o ther studies, the usefulness o f which in developing the recom m endation for a TLV was not clear. For example, Ingalls and Risquez-Iribarren [22] conducted an epidemiologic study o f the mortality and morbidity from all forms o f cancers in workers engaged in carbon black production for up to 17.5 years and found that the incidence o f and death rate from cancer were lower in the carbon black workers than in o ther working populations. Inhalation studies conducted by Nau et al [28] on monkeys and mice using channel black at 85 m g/cu m or furnace black at 56 m g/cu m for up to 7.7 years showed no malignancies in any o f the exposed animals. T he authors noted that dust accumulation in the lungs was the only significant result o f carbon black exposure, although they found evidence in the ECG’s o f right atrial and right ventricular strain.
Von Haam and Mallette [37] found that some fractions o f carbon black extracts were carcinogenic and that unfractionated extracts were not. Later, Von Haam et al [38] found that carbon black inhibited the activity o f some carcinogens.
In 1976, the ACGIH [82] also recom m ended a short-term  exposure limit (STEL) o f 7 m g/cu m for carbon black. The STEL was defined by the ACGIH as an absolute ceiling not to be exceeded at any time during a 15-minute excursion period. It was proposed that no m ore than four excursions each day be perm itted, with at least 60 m inutes between excursions.
The 1977 publication o f the International Labour Office on Occupational Exposure Limits for Airborne Toxic Substances [83] showed 3.5 m g/cu m to be the carbon black standard for Australia, Belgium, Finland, Italy, and the Netherlands. T he report also listed carbon black limits for Switzerland as 20 m g/cu m for total dust and 8 m g/cu m for fine dust. No bases for these foreign standards have been found.
T he present Federal standard is an 8-hour TWA concentration limit o f 3.5 m g/cu m m easured as total dust (29 CFR 1910.1000). This environm ental limit was adopted from the 1968 ACGIH TLV.
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Basis for the Recom m ended Standard
(a) Permissible Exposure Limits
Almost all reports o f hum an exposure to carbon black deal with effects on workers who make carbon black. No reports were found on the effects on health o f exposure to carbon black during manufacture o f tires for automotive vehicles or in o ther uses, such as in the production o f inks, paints, plastics, and ceramics. None o f the reports o f effects on hum an health o f exposure to carbon black listed the concentrations o f airborne carbon black, but the total dust concentrations o f the work environm ent ranged from 8.2 m g/cu  m [25] to 1.0001 m g/cu m [13].
A num ber o f reports [12-15,18,25] dem onstrated that the m ajor effects o f carbon black are respiratory. In workers engaged in carbon black production, lung diseases found, in descending o rder o f prevalence, were varying degrees o f pneumoconiosis [12,14,15,18,25], pneumosclerosis o r pulmonary fibrosis [12-15,25], bronchitis [13,14,18,25], emphysema [14], and tuberculosis [12,18]. No evidence that dem onstrated that exposure to carbon black influenced susceptibility to active tuberculosis was presented. Pneumoconiosis and pulm onary fibrosis are the only two of these diseases that seem to be related to exposure to carbon black. Structural changes in the lungs have been accompanied by functional changes exemplified by decreased vital capacity, respiratory minute volume, maximum ventilatory capacity, FVC, and FEV 1 [14,15,18,25]. Coughing, breathing difficulties, and pains near the chest and heart were accompanied in some workers by lung afflictions [14,15].
Respiratory effects consonant with pneumoconiosis and emphysema found in workers exposed to carbon black were also observed in mice and monkeys exposed to channel black at 85 m g/cu m or furnace black at 56 m g/cu m for up to 1.78 years [28]. In addition to the dust accumulation in the upper and lower respiratory tract, thickening o f the alveolar walls and occasional cellular proliferation were also seen in these exposed animals. An increased concentration o f hydroxyproline in the lung, indicating the developm ent o f collagen and thus thought by the authors to be indicative o f developing fibrosis, was noted  in one o f the studies [18] when 50 mg o f carbon black was adm inistered intratracheally to rats.
Dermal effects on workers exposed to carbon black have been identified in three reports [13,15,19]. Komarova [13] noted that 92% o f m ore than 80 workers exposed simultaneously to dust at 10-1,000 m g/cu m and to carbon monoxide at 5-120 m g/liter in the packaging departm ent o f a carbon black plant com plained o f skin irritation. In another study, Komarova [15] found that some of 643 workers engaged in furnace black production had skin diseases. In the work area, 75% of the air samples taken contained dust in concentrations greater than 10 m g/cu m, 74% of the samples contained carbon m onoxide in concentrations exceeding 20 m g/cu m, and 13.5% o f the samples had concentrations o f hydrocarbons in concentrations greater than 300 ppm. Capusan and Mauksch [19] reported  that, during a period o f 5 years, 53-86% o f the workers producing carbon black by large-scale sooting o f a wick burning hydrocarbon and naphthene (cycloparaffin) wastes developed specific derm atoses, eg, stigmata with fissured keratosis and linear tattooing, while an additional 7-16% had nonspecific derm atoses.
In mice, exposure to furnace black at 56 m g/cu m for up to 1.78 years caused atrophy or hyperplasia o f the epidermis, fibrosis o f the dermis, or both, but these were not seen consistently;
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mice exposed at 85 m g/cu m for up to 1.78 years consistently showed subcutaneous edema [28].
Two reports described effects on the heart o f workers who produced carbon black [13,15]. Komarova [13] reported that, o f m ore than 80 workers exposed to dust at 10-1,000 m g/cu m and to carbon monoxide at 5-120 m g/liter during packaging o f carbon black, 50% had signs of myocardial dystrophy. In another study, Komarova [15] noted  diseases in the cardiovascular system in 75% of 643 furnace black production workers. Dust concentrations in their work environm ent exceeded the MPC o f 10 m g/cu m in 75% o f the samples taken, while the MPC’s for carbon monoxide and hydrocarbons were exceeded in 74 and 13.5% o f the samples, respectively.
Animal experiments revealed that effects on the heart can be found after prolonged exposures to carbon black [28,30]. T he ECG’s o f monkeys exposed to channel black at 85 m g/cu m for 0.59-0.89 year or to furnace black at 56 m g/cu m for 1.49 years revealed right atrial and right ventricular strain [28], In addition, m orphom etric analysis o f monkeys exposed at thermal black concentrations o f 53 m g/cu m for 3.35 years showed right ventricular, septal, and left ventricular hypertrophy [30], After 0.89 year o f exposure to furnace black at 56 m g/cu m or to channel black at 85 m g/cu m, the heart-to-body weight ratios o f exposed mice were slightly higher than those o f the controls.
Keratosis and leukoplakia were found in 26 and 36 workers, respectively, am ong 300 persons exposed to carbon black [26]. T hese lesions were found primarily in the areas o f dust accumulation. This report also showed that pretum orous oral lesions can be produced experimentally by exposing mice to carbon black. T he concentrations o f carbon black o r total dust in the work environm ent were not given.
Hum an studies have found no changes o ther than those in the lungs, heart, oral mucosa, and skin. However, exposure o f mice to channel black at 85 m g/cu  m or to furnace black at 56 m g/cu m for up to 1.78 years caused amyloidosis o f the liver, spleen, and kidneys.
T hree reports [20-22] were found that presented possible evidence o f a carcinogenic potential o f exposure to carbon black. Maisel et al [20] reported  a case o f cancer related to carbon black exposure that occurred in a 53-year-old research chemist who was exposed to many types o f carbon black for 11 years. T he chemist had parotid duct carcinoma, and the excised tissue revealed squamous-cell metaplasia and black material. T he  black material was assumed to be carbon black but was not identified so that no firm conclusion can be reached on the role o f carbon black in the production o f carcinoma o f the parotid duct in this individual. From the epidemiologic surveys conducted on employees who made carbon black, Ingalls and Resquez-Iribarren [21,22] identified four cases o f melanoma o f the skin. A lthough these preliminary findings suggest a cause for concern that a melanoma type o f skin cancer might develop in workers exposed to carbon black, further studies are needed to evaluate the cancer risk involved in occupational exposure to carbon black.
In a num ber o f studies conducted by Nau and coworkers [28,30,39,41], adm inistration of whole furnace, thermal, or channel black by oral, inhalation, dermal, o r sc routes did not produce cancer in mice. However, when benzene-extractable materials from channel and furnace blacks were adm inistered to mice by skin painting [37,39], sc injection [42], o r feeding [38,41], malignant
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tumors were produced. In addition, Falk et al [45] showed that incubation o f a commercial carbon black with sterile hum an plasma for 1.5-192 hours resulted in the elution o f varying amounts o f pyrene, fluoranthene, 1,2-benzpyrene, 3,4-benzpyrene, 1,12-benzperylene, anthanthrene, and coronene.
Most carbon black particles are reported  to be less than 0.5 fxm in diam eter [2] and hence are respirable. Available reports indicate that the effects o f exposure to carbon black at dust concentrations o f 8.2 m g/cu m or above for m ore than 10 years are qualitatively and quantitatively similar to those o f exposure to nonspecific respiratory irritants, causing primarily pneumoconiosis or pulmonary fibrosis. In addition, inhalation exposure o f animals to carbon black caused changes in the liver, spleen, and kidneys [28]. Concern for employee health requires that possible acute and chronic effects o f carbon black, specifically pneumoconiosis, pulmonary fibrosis, skin irritation, fissured skin keratosis, linear tattooing, and myocardial dystrophy, be minimized.
The present Federal environm ental limit o f 3.5 m g/cu m is based on the 1968 TLV, which in turn was based, as was discussed above, on the airborne concentrations found to exist in rubber factories, but without apparent evidence o f safety data. T he findings o f Nau and coworkers [28] o f skin effects and emphysema in mice and heart strain and emphysema in monkeys are not completely persuasive because o f the lack o f significance o f the association between local effects on the skin and airborne contam ination and because o f a question o f in tercurrent diseases having played a part in the lung and heart lesions. But the implications o f the study are reinforced by the other evidence reviewed earlier in this C hapter and in C hapter III o f systemic effects (heart and lung) o f carbon black. Since there is inadequate information available to associate carbon black exposure concentrations corresponding to the present Federal limit there has not been identified an effect that can be directly attributed to carbon black exposure at concentrations less than 3.5 m g/cu m. Further research is necessary to resolve w hether o r not carbon black poses a potential safety hazard due to decreased visibility at airborne concentrations o f 3.5 m g/cu m. Therefore, the present 3.5 m g/cu m limit should be maintained pending further investigations on carbon black exposure.
To differentiate between PAH-containing carbon black, it is proposed to determ ine (by solvent extraction) w hether the carbon black contains 0.1% (W/W) PAH or more. A concentration o f 0.1% is selected on the basis o f professional judgm ent, ra ther than on data delineating safe from unsafe concentrations o f PAH’s. This concentration limit has also been used in some o f the 29 CFR 1910 standards (4-nitrophenyl, 1910.1003; 2-naphthylamine, 1910.1009; and 4-aminodiphenyl, 1910.1011) to help diferentiate carcinogen-contam inated materials from those not considered contam inated. In addition, it appears to be a feasible limit, exemplified by data in Table X II-1 on concentration o f benzene-extractables in some samples o f carbon black. This limit of 0.1 % is also very conservative, in that it could result in an airborne concentration o f PAH’s o f 0.035 m g/cu m (as cyclohexane extractables) when the carbon black was at its proposed environmental limit of 3.5 m g/cu m. While this concentration o f 0.035 m g/cu m is significantly less than the recom m ended limit of 0.1 m g/cu m for airborne cyclohexane extractables, it should be noted that this 0.1 m g/cu m limit was justified on the basis o f feasibility o f m easurem ent, not on a dem onstration of its safety.
Various studies have shown that PAH’s are adsorbed on carbon black [3,5,6,15,16,32,45]. The concentration range for 3,4-benzypyrene adsorbed on carbon black was 6.5-345 ppm  and was 92-472 ppm for corone [3,5,6,16], Some o f the PAH’s associated with carbon black, such as
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3,4-benzpyrerie, have been indicated to be carcinogens [6,84]. Furtherm ore carbon black has been capable o f increasing retention within respiratory tract o f 3,4-benzpyrene when 3,4-benzpyrene adsorbed on carbon black was injected intratracheally [32,33]. T he  desorption o f adsorbed PAH’s from carbon black may occur under various conditions. Such desorption may occur in work environm ents with elevated tem peratures or solvent vapors [16]. T he  PAH’s may be eluted from carbon black by hum an blood plasma [45,46] and under certain health conditions, such as acute respiratory infections [48]. These reports suggest a potential risk o f developm ent o f cancer against which carbon black workers should be protected. A working environm ent adhering to the recom m ended environm ental limit for carbon black may no t protect workers from a potential cancer risk due to the adsorbed PAH’s, because their concentration in carbon black dust depends on the type and grade o f carbon black as well as the characteristics o f the PAH’s. T herefore, a 10-hour TWA limit o f 0.1 m g/cu  m, measured as the cyclohexane extractable fraction, is recom m ended to protect against the risk o f cancer developm ent due to the PAH’s adsorbed on carbon black. T he rationale in choosing the recom m ended TWA limit for cyclohexane extractables is chiefly based on m ethodologic limitations, ie, it is the least concentration reliably detectable; this point has been m ore thoroughly discussed in the NIOSH docum ent Criteria for a Recomm ended Standard....Occupational Exposure to Coal T a r Products [51].
(b) Sampling and Analysis
Personal sampling with glass-fiber and silver m em brane filters is recom m ended to collect and m onitor airborne carbon black in the work environm ent. A m ethod involving weighing o f total dust is recom m ended for analysis o f the particulate m atter collected on the filters. T he recom m ended sampling and analytical m ethod is simple and am enable to assessing workers’ breathing zones by personal sampling. A lthough it is nonspecific in that it will m easure all particulate m atter in the work environm ent, in the absence o f an alternative analytical m ethod that is specific for determ ining carbon black, this sampling and analytical m ethod, described in detail in Appendix I, is recom m ended for assessing employee exposure. T o  m onitor exposure to PAH’s, one should determ ine the weight o f material that can be extracted by cyclohexane from the filters with the aid o f ultrasonication as described in Appendix II.
(c) Medical Surveillance and Recordkeeping
Preplacem ent medical screening is recom m ended to identify, and to establish baselines for, preexisting conditions that might make a worker m ore susceptible to adverse effects o f substances in the work environm ent.
Chapter III reviewed the possible effects o f exposure to carbon black; in the discussion in Correlation o f Exposure and Effect, it was concluded that exposure to carbon black might cause pneumoconiosis and pulmonary fibrosis, ECG changes, and derm atoses. In addition, PAH-containing carbon black may cause prem alignant changes in the oral mucosa (keratosis and leukoplakia) and there is experim ental evidence [32] suggesting lung cancer as a possible consequence of carbon black exposure [32]; in addition, there is suggestive but inconclusive epidemiologic evidence o f skin cancer and o f leukemia. Therefore, physical examinations should include in the case o f PAH-free carbon black exposure chest X-rays and ventilatory function tests, ECG’s and careful examination o f the skin. Additional examinations should be included if employees are exposed to PAH-containing carbon black to detect for possible changes in the oral mucosa; cytologic examination o f sputum should also be considered, especially in cases of
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unexplained findings on radiologic examination. While the evidence that PAH-containing carbon black causes leukemia is only suggestive, com plete blood counts are a desirable part o f a complete medical examination.
T he evidence that carbon black exposure causes bronchitis and emphysema is less convincing than that implicating carbon black in the causation o f pneumoconiosis and fibrosis. However, a medical surveillance program  designed to detect pneum oconiosis should also detect emphysema and bronchitis, if they are present and a consequence o f exposure. It is expected, of course, that detection o f toxic effects through a diligent program  of medical surveillance will result in steps to improve hygiene or work practices, and thus result in reduction o f exposure.
Thus, all employees occupationally exposed to carbon black should be examined prior to placement by chest X-ray and ventilatory functions tests, ECG, and careful examination o f skin and oral mucosa, w hether the carbon black is PAH-free or not. In the case o f periodic examinations, chest X-rays should be taken annually if the carbon black contains m ore than 0.1% cyclohexanone extractable material or every 3 years if the carbon black contains 0.1% cyclohexane extractable material or less, and pulmonary function tests, ECG’s and examination o f the skin and oral cavities of workers will help detect any occupationally related illness that might otherwise go undetected because o f either delayed toxic effects or the subtlety o f the changes. Special medical attention should be given to workers exposed to carbon black containing m ore than 0.1% cyclohexane extractable material, because o f the possibility o f neoplasm s o f the skin, oral mucosa or respiratory tract.
T here are likely limitations on the num ber o f sputum  cytology examinations which can be accomplished by the facilities now available. Efforts should be made to increase the num ber of qualified laboratories available for routine analysis o f cytologic specimens; these efforts should standardize procedures and increase the feasibility o f perform ing these examinations.
Because o f the usually slow developm ent o f cancer, all medical records should be m aintained for at least 30 years beyond the duration o f employment.
(d) Personal Protective Equipm ent and Clothing
Since carbon black particles are respirable and affect the upper and lower respiratory tract [12-15,18,25] and oral mucosa [26], and since the PAH’s adsorbed on carbon black are potentially carcinogenic, respiratory protective measures are recom m ended. P roper engineering controls should be the primary means of reducing the atm ospheric concentrations o f carbon black in the work environment.
Respirators should be used only during emergencies and during nonroutine repair and maintenance activities when the airborne carbon black and PAH levels might not be reduced by appropriate engineering controls or administrative measures to below their respective TWTA limits. If eye irritation occurs as a result o f exposure to carbon black, chemical safety goggles should be worn. Carbon black exposure has been reported to cause skin irritationin some workers [ 13,15,19], so that gloves, o ther appropriate skin protection, and personal full-body work clothing resistant to penetration by carbon black are recom m ended. These should be required in work with PAH-containing carbon black.
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(e) Informing Employees o f Hazards
A continuous education program  is an im portant part o f a preventive hygiene program  for employees occupationally exposed to carbon black and the sometimes associated PAH’s. Properly trained persons should apprise employees at least annually o f the possible sources o f exposure to carbon black, the adverse effects associated with such exposures, the engineering controls and work practices in use and being planned to limit such exposures, and the procedures used to m onitor environmental controls and the health status o f employees.
Employees also need to be instructed in their responsibilities, com plem enting those o f their employers, in preventing effects of carbon black on their health and in providing for their safety and that of their fellow workers. These responsibilities of employees apply primarily in the areas o f sanitation and work practices, but attention should be given in all relevant areas, so that employees faithfully adhere to safe procedures.
(f) Work Practices
Engineering controls and good work practices must be used to minimize worker exposure to carbon black. Since carbon black affects chiefly the respiratory system, efficient local and general ventilation, maintenance of a slight negative pressure throughout dry carbon black handling systems, and process autom ation or mechanization should help reduce the concentrations of carbon black and adsorbed PAH’s in the work atm osphere. Adoption of these measures will lessen the possibility o f skin contact or accidental ingestion.
Because of the risk o f developing cancer and in the interest o f good hygiene and work practices, it is recom m ended that storing, handling, dispensing, and eating of food be prohibited in all carbon black work areas, regardless of the concentrations o f carbon black or PAH’s. In addition, it is recom m ended that employees who work in carbon black work areas wash their hands thoroughly before using toilet facilities, eating, or smoking. Employees should also shower or bathe using soap or other skin cleansers at the end of each workshift before leaving the work premises.
(g) M onitoring and Recordkeeping Requirem ents
Samples of bulk carbon black should be analyzed for PAH’s by extracting with cyclohexane (see Appendix II). When the concentration of cyclohexane extractables is negligible, judged  to be 0.1% or less, it can be assumed for practical purposes that the carbon black is PAH-free. Possibly vendors o f PAH-free carbon black will certify its low PAH concentration (it is understood that a patent for a process to make such carbon black has been applied for). If only PAH-free carbon black is used and there are no o ther significant sources o f airborne PAH’s, such as operations with coal tar products, there will not be occupational exposure to PAH’s and those parts of the recom mended standard applying to occupational exposure to PAH-containing carbon black need not be followed. Therefore, occupational exposure to PAH-containing carbon black should be defined as any work in which there is contact with carbon black in bulk or airborne, containing more than 0.1% cyclohexane extractable material. In the case o f PAH-free carbon black, an action level of half of the environm ental limit of 3.5 m g/cu m as a TWA concentration for a 10-hour workshift for a 40-hour workweek is proposed. Occupational exposure to PAH-free carbon black is defined as exposure to a TWA concentration greater than the action level.
69
To characterize each em ployee’s exposure, personal air sampling and analysis for carbon black and PAH’s must be conducted. This procedure should be repeated  at least every 6 months and whenever environm ental or process changes occur. T o  relate the em ployee’s known occupational exposure to effects that may not appear during the period o f employment, employers should keep records o f environm ental m onitoring for the same 30-year period as the medical records. This is consistant with the provisions o f the Toxic Substances Control Act.
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VII. RESEARCH NEEDS
For proper assessment o f the toxicity o f carbon black and evaluation o f its potential hazard to the working population, further animal and hum an studies are needed. T he following types of research are especially im portant.
Epidemiologic Studies
Further research is desirable to assess the effects o f long-term  occupational exposure to carbon black. Therefore, detailed long-term epidemiologic studies, retrospective and prospective, o f worker populations exposed to carbon black should be conducted. As a minimum, epidemiologic studies should include detailed industrial hygiene surveys, separate environm ental air m easurements o f carbon black and PAH’s, com prehensive medical and work histories, including history of smoking and other tobacco usage, pulmonary function studies, and physical examinations, with particular attention to the respiratory tract, oral mucosa, heart, and skin. Com parison o f morbidity and mortality data from populations exposed to carbon black with that o f properly selected control populations, such as those populations exposed to nuisance dusts, should also be perform ed to develop a m ore sensitive index o f carbon black toxicity.
Animal Studies
Short- and long-term  inhalation and intratracheal insufflation studies have described the respiratory effects o f carbon black [18,28,30,31]. In some o f the inhalation studies [28,30] carbon black particles also caused effects on the skin, heart, kidneys, liver, and spleen. Studies are needed to further delineate these changes and to distinguish the effects on the lung from such effects, possibly secondary, as those on the heart. Long term  studies concerning the tissue distribution o f carbon black should be conducted. Dermal effects were found in workers exposed to carbon black [13,15,19]. However, animal experim ents did not adequately confirm that these effects resulted from direct application o f carbon black [30,39], T here is a paucity o f information regarding the ocular effects o f carbon black exposure. Additional derm al and ocular irritation studies which simulate the work environm ent should be undertaken.
Studies on Carcinogenicity, Mutagenicity, Teratogenicity, and Effects on Reproduction
In a num ber o f animal experim ents benzene extracts o f carbon black were shown to be carcinogenic [10,39,52]. T here are conflicting views on the ability o f hum an plasma to elute PAH’s adsorbed on carbon black. Further investigations are needed to clarify w hether the extent to which desorption o f PAH’s from carbon black occurs is o f practical concern in the evaluation o f the risk o f cancer in occupational exposure to carbon black. T he interplay o f carbon black with other substances in the work environm ent which might act as initiators and prom oters o f carcinogenesis should also be investigated. Further research, including extensive chronic and m ultigeneration reproduction experiments, should be conducted to determ ine w hether mutagenic, teratogenic, or o ther reproductive effects are caused by carbon black.
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Sampling and Analytical Studies
Studies are needed to improve the accuracy, sensitivity, and precision o f the recom m ended sampling and analytical m ethods for carbon black. These studies should concentrate on techniques for separating the carbon black from other airborne particulates. Also, studies are needed to elucidate the adsorptive and binding capabilities o f carbon black particles in relation to PAH’s. The desorption o f these PAH’s from the carbon black particles by various organic solvent vapors that might be found in workplace environm ents and the elutability o f PAH’s by biologic fluids should also be investigated.
Personal Hygiene Studies
Personal hygiene studies should be conducted to determ ine the best methods o f cleaning skin areas contam inated with carbon black. For example, it may be that acid cleansers will be m ore effective than the m ore conventional cleansers, but this has not been dem onstrated. These studies should take into account possible skin irritation after a repeated num ber o f washings.
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IX. APPENDIX I
SAMPLING AND ANALYTICAL METHOD FOR CARBON BLACK
Principle of the Method
(a) A known volume of air is drawn through a glass-fiber filter followed by a 0.8-/im pore size silver m em brane filter to collect carbon black particles and associated PAH’s. T he original method recom m ended a polyvinyl chloride filter but the glass-fiber and silver m em brane filters have been substituted to allow for greater accuracy in the subsequent determ ination o f the cyclohexane extractable fraction.
(b) T here is some reason to believe that samples containing carbon black will pick up m oisture with sufficient rapidity to make sample weights unstable. Thus, while desiccation o f samples prior to weighing should give the most accurate results (if weighings can be m ade with enough speed), it may be better to equilibrate samples at some higher constant humidity. T he directions in the ensuing discussion follow this latter approach. However, in a specific situation, there may be better solutions to the problem  of getting stable weighings. Ideally, a constant tem perature and humidity balance room  should be used for all weighings.
The humidity chosen will be that most often found in the balance room. A relative humidity o f 50Jo is recom m ended. To achieve any desired relative humidity in the equilibrating chamber (usually a desiccator) aqueous solutions of sulfuric acid can be used. Consult a convenient reference such as the H andbook o f Chemistry and Physics [85] table on Constant Humidity with Sulfuric Acid Solutions for the desired sulfuric acid solutions.
Range and Sensitivity
(a) This method for carbon black was validated over the range o f 1.86-7.7 m g/cu m at an atm ospheric tem perature and pressure range o f 18-25 C and 749-761 mmHg, using a 200-liter sample and a polyvinyl chloride filter. U nder the conditions o f sample size (200 liters), the working range o f the method is estim ated to be 1.5-10 m g/cu m or 0.3-2 mg total weight of material collected on the filter.
It was also validated for a 100-liter sample over a range o f 7.8-27.7 m g/cu m at atm ospheric tem perature and pressure conditions as above.
(b) T he m ethod may be extended to higher sample concentrations by collecting a smaller volume; this will prevent collection of too much sample particulate so as to cause sample loss due to flaking.
(c) The range and sensitivity o f this m ethod with the glass fiber and silver m em brane filters has not been determ ined but is assumed similar to those stated above.
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Interferences
(a) T he presence o f any o ther particulate material in the air being sampled will be a positive interference since this is a m easurem ent o f total dust.
(b) Inform ation on any other particulate material p resent should be solicited. If the concentration o f o ther particles is known, then the carbon black concentration can be determ ined by difference. If o ther particulate m atter is known to be present and its concentration cannot be determ ined, then this m ethod will not provide an accurate m easure o f carbon black concentration.
Precision and Accuracy
(a) The Coefficient o f Variation (CVT) for the total analytical and sampling m ethod in the range o f 1.86-7.7 m g/cu m was 0.056. This value corresponds to a 0.20 m g/cu  m standard deviation at the OSHA standard level (3.5 m g/cu  m).
(b) A collection efficiency o f 98.7% was determ ined for the collection medium at 7.0 m g/cu m; thus, no bias was introduced in the sample collection step. Likewise, no significant bias in the analytical m ethod is expected o ther than norm al gravimetric precision o f the sampling and analytical method.
(c) T he above data on precision and accuracy were determ ined for a polyvinyl chloride filter but the recom m ended filters are thought to result in similar precision and accuracy.
Advantages and Disadvantages
T he analysis is simple but the m ethod is non-specific and subject to interference if there are other particles in the air being sampled.
Apparatus
(a) Sampling Equipment. T he sampling unit for the collection o f personal air samples for the determ ination o f carbon black has the following com ponents:
(1) T he filter unit, consisting o f the glass fiber and silver m em brane filters, stainless steel support screen and 37-mm three-piece cassette filter holder.
(2) A calibrated personal sampling pum p whose flow can be determ ined to an accuracy of 5% at the recom m ended flow rate. T he pum p must be calibrated with a filter holder and filters in the line as outlined in Figure X II-1.




(b) A 37-mm diam eter glass-fiber filter.
(c) A 37-mm diameter, 0.8-jUm pore size silver m em brane filter.
(d) A plastic petri dish used as filter holder for storage and weighing.
(e) Desiccator.
(f) Microbalance capable of weighing to 10 |Ug- Particular care must be given to proper zeroing of the balance. T he same balance should be used for weighing filters before and after sample collection.
Reagents
Aqueous sulfuric acid solution or any other suitable humidity source.
Procedure
(a) Preparation o f Filters. All filters must be placed in a cham ber over an aqueous sulfuric acid solution for 24 hours to bring the filter to a constant weight at relative humidity prior to use.
(b) Sampling Requirem ents and Shipping o f Samples
(1) To collect carbon black, a personal sam pler pum p is used to pull air through a silver m em brane filter preceded by a glass fiber filter. T he filter holder is held together by tape or a shrinkable band. If the filter holder is not tightened snugly, the contam inant will leak around the filter. A piece o f flexible tubing is used to connect the filter holder to the pum p. Sample at a flowrate o f 1-2 liters/m inute. After sampling, replace small plugs to seal filter cassettes.
(2) Blank. With each batch o f 10 samples subm it one filter from each o f the lots of glass fiber and m em brane filters which were used for sample collection and which are subjected to exactly the same handling as for the samples except that no air is drawn through them. Label this as a blank.
(3) Shipping. T he filter cassettes should be shipped in a suitable container, designed to prevent damage in transit.
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(c) Analysis o f Samples
(1) If  the outer surface o f the cassette filter holder is heavily coated with dust, carefully swab the outer surface with a moist paper towel before opening the cassette so as to minimize sample contamination. Discard paper towel.
(2) O pen the cassette filter holder and carefully remove the filters from the holder and stainless steel screen with the aid o f filter tweezers. T ransfer filters to a petri dish.
(3) Bring the filter to constant relative humidity.
(4) Weigh the filters in a microbalance.
(5) If o ther particulate m atter is suspected to be present, appropriate analyses should be made to determ ine its composition (if necessary) and quantity. This value should be subtracted from the total particulate weight.
Calibration and Standards
T he only standardization o f the analytical m ethod required is that the microbalance be properly zeroed for all weighings and prefereably the same microbalance should be used for weighing filters before and after sample collection.
Calibration o f Sampling Trains
T he accurate calibration o f a sampling pum p is essential for the correct interpretation of the volume indicated. The p roper frequency o f calibration is dependent on the use, care, and handling to which the pum p is subjected. Pumps should be recalibrated if they have been subjected to misuse or if they have ju st been repaired or received from a m anufacturer. If  the pum p receives hard usage, m ore frequent calibration may be necessary. M aintenance and calibration should be perform ed on a regular schedule and records o f these kept.
Ordinarily, pumps should be calibrated in the laboratory both before they are used in the field, during field procedures, and after they have been used to collect a large num ber o f field samples. T he accuracy of calibration is dependent on the type of instrum ent used as a reference. The choice o f calibration instrum ent will depend largely on where the calibration is to be perform ed. For laboratory testing, a soapbubble m eter or spirom eter is recom m ended, although other standard calibrating instrum ents, such as a wet-test m eter o r dry-gas m eter, can be used.
Instructions for calibration with the soapbubble m eter follow. If  another calibration device is selected, equivalent procedures should be used. Since the flowrate given by a pum p is dependent on the pressure drop o f the sampling device, in this case a glass fiber filter and a m em brane filter, the pum p must be calibrated while operating with the representative filters in line. Calibration o f the sampling train should be perform ed at pressure o f 1 atm osphere.
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(a) While the pum p is running, check the voltage o f the pum p battery with a voltm eter to assure adequate voltage for calibration. Charge the battery if necessary.
(b) Place the preweighed filters in the filter cassette.
(c) Assemble the sampling train according to the m anufacturer’s specifications or as shownin Figure X II-1.
(d) T urn  on the pum p and moisten the inside o f the soapbubble m eter by immersing the buret in the soap solution. Draw bubbles up the inside until they are able to travel the entire buret length without bursting.
(e) Adjust the pum p rotam eter to provide a flowrate o f 1.7 liters/m inute.
(f) Start a soapbubble up the buret and measure with stopwatch the time it takes thebubble to pass through a minimum of 1.0 liter.
(g) Repeat the procedure in (f) at least three times, average the results, and calculate the flowrate by dividing the volume of air between the preselected marks by the time required for the soapbubble to traverse the distance.
(h) Record the following calibration data: volume m easured, elapsed time, air tem perature, atm ospheric pressure, serial num ber o f the pump, date, and name o f the person perform ing the calibration.
Calculations
(a) Record the tare weight, in fXg, o f the dry filters before sampling.
(b) Record the weight, in jug. o f the dried, sample-containing filters.
(c) T he difference between these two weights represents the weight o f the material collected on the filters.
(d) Corrections for the blank must be made for each sample (if found to be necessary, corrections should also be m ade for o ther particulate matter:
jug sample * pig found in sampling filter jug blank = jug found in blank filter
(e) Convert volume o f air sampled to standard conditions o f 25 C and 760 mmHg.
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Vs = V x P x 298760 (T + 273)
where:Vs = volume of air in liters at 25 C and 760 mmHgV = volume of air in liters as measuredP = barometric pressure in mmHgT = ambient air temperature in degrees Centrigrade
(f) The concentration of the analyte in the air sampled can be expressed in mg/cu m (yg/liter  = mg/cu m).
mg/cu m = UR found Vs
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X. APPENDIX II
ANALYTICAL METHOD FOR CYCLOHEXANE EXTRACTABLES OF CARBON BLACK
Principle o f the Method
T he cyclohexane-soluble material in the particulates on the glass-fiber and silver m em brane filters is extracted with cyclohexane aided by ultrasonication. Blank filters are extracted along with, and in the same m anner as, the samples. After extraction, the cyclohexane solution is filtered through a fritted glass funnel. T he total material extracted is determ ined by weighing a dried aliquot o f the extract.
Range and Sensitivity
W hen the electrobalance is set at 1 mg, this m ethod can detect 75-2,000 jug/sample.
Precision and Accuracy
W hen nine aliquots o f a benzene solution from a sample o f alum inum -reduction plant emissions containing 1,350 /ug/sample were analyzed, the standard deviation was 25 fig [86]. Experimental verification o f this m ethod using cyclohexane is not yet complete.
Advantages and Disadvantages o f the Method
(a) Advantages
This procedure is much faster and easier to run than the Soxhlet method.
(b) Disadvantages
If the whole sample is not used for cyclohexane-extraction analysis, a small weighing error makes a large error in the final results.
Apparatus
(a) Ultrasonic bath, 90 Kc, 60 watts, partially filled with water.
(b) Ultrasonic generator, Series 200, 90 Kc, 60 watts.
(c) Electrobalance capable o f weighing to 1 jug.
(d) Stoppered glass test tube, 150- x 16-mm.
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(e) Teflon weighing cups, 2-ml, approxim ate tare weight 60 mg.
(f) Dispensing bottle, 5-ml.




(k) Glassine paper, 3.5- x 4.5-inches.
(1) W ood application sticks for manipulating filters.
(m) Funnels, glass-fritted, 15-ml.
(n) G raduated evaporative concentrator, 10-ml.
Reagents
(a) Cyclohexane, ACS nanograde reagent.
(b) Chromic acid cleaning solution.
(c) Acetone, ACS reagent grade.
Procedure
(a) All extraction glassware is cleaned with chromic acid cleaning solution, rinsed first with tap water, then with deionized water followed by acetone, and allowed to dry completely. T he glassware is rinsed with nanograde cyclohexane before use. T he Teflon cups are cleaned with cyclohexane, then with acetone.
(b) Preweigh the Teflon cups to one hundredth  o f a milligram (0.01 mg).
(c) Remove top o f cassette and hold over glassine paper. Remove plug on botton  o f cassette. Insert end o f application stick through hole and gently raise filters to one side. Use tweezers to remove filters, and loosely roll filters around tweezers. Slide rolled filters into test tube and push them to bottom  of tube with application stick. Add any particulates rem aining in cassette and on glassine paper to test tube.
(d) Pipet 5 ml o f cyclohexane into test tube from dispensing bottle.
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(e) Put test tube into sonic bath so that water level in bath is above liquid level in test tube. A 50-ml beaker filled with water to level o f cyclohexane in tube works well.
(f) Sonify sample for 5 minutes. Do not hold tube in hand while sonifying.
(g) Filter the extract in 15-ml medium glass-fritted funnels.
(h) Rinse test tube and filters with two 1.5-ml aliquots o f cyclohexane and filter throughthe fritted-glass funnel.
(i) Collect the extract and two rinses in the 10-ml graduated evaporative concentrator.
(j) Evaporate down to 1 ml while rinsing the sides with cyclohexane.
(k) Pipet 0.5 ml o f the extract to preweighed Teflon weighing cup. These cups can bereused after washing with acetone.
(1) Evaporate to dryness in a vacuum oven at 40 C for 3 hours.
(m) Weigh the Teflon cup. Use counterweighing technique on electrobalance with full scale range o f 1 mg to determ ine weight o f aliquot to nearest microgram. T he weight gain is due to the cyclohexane-soluble residue.
Calculations
The am ount o f cyclohexane-extractable fraction present in the sample (in mg) may be determ ined according to the following equation:
m g/sam ple = 2 x [wt sample aliquot (mg) - wt blank aliquot (mg)]
T he am ount o f cyclohexane-extractable fraction present in the air may then be determ ined according to the following equation:
m g/cu m = m g/sam ple air volume collected (cu m)
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XI. APPENDIX III
MATERIAL SAFETY DATA SHEET
T he following items o f inform ation which are applicable to a specific product or material shall be provided in the appropriate block o f the Material Safety Data Sheet (MSDS).
T he product designation is inserted in the block in the upper left corner o f the first page to facilitate filing and retrieval. Print in upper case letters as large as possible. It should be printed to read upright with the sheet turned sideways. T he product designation is that name or code designation which appears on the label, o r by which the product is sold o r known by employees. T he relative numerical hazard ratings and key statem ents are those determ ined by the rules in C hapter V, Part B, o f the NIOSH publication, An Identification System for Occupationally Hazardous Materials. T he  company identification may be printed in the upper right corner if desired.
(a) Section I. Production Identification
T he m anufacturer’s name, address, and regular and emergency telephone num bers (including area code) are inserted in the appropriate blocks o f Section I. T he company listed should be a source o f detailed backup inform ation on the hazards o f the material(s) covered by the MSDS. T he listing o f suppliers or wholesale distributors is discouraged. T he  trade name should be the product designation or common nam e associated with the material. T he  synonyms are those commonly used for the product, especially formal chemical nom enclature. Every known chemical designation o r com petitor’s trade name need not be listed.
(b) Section II. Hazardous Ingredients
T he “m aterials” listed in Section II shall be those substances which are part o f the hazardous product covered by the MSDS and individually meet any o f the criteria defining a hazardous material. Thus, one com ponent o f a m ulticom ponent product might be listed because of its toxicity, another com ponent because of its flammability, while a third com ponent could be included both for its toxicity and its reactivity. Note that a MSDS for a single com ponent product must have the name of the material repeated in this section to avoid giving the impression that there are no hazardous ingredients.
Chemical substances should be listed according to their com plete nam e derived from a recognized system of nom enclature. W here possible, avoid using com m on names and general class names such as “aromatic am ine,” “ safety solvent,” or “aliphatic hydrocarbon” when the specific name is known.
The may be the approxim ate percentage by weight o r volume (indicate basis) which each hazardous ingredient o f the m ixture bears to the whole mixture. This may be indicated as a range or maximum am ount, ie, “ 10-40% vol” o r “ 10% max wt” to avoid disclosure o f trade secrets.
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Toxic hazard data shall be stated in terms o f concentration, m ode o f exposure o r test, and animal used, eg, “ 100 ppm  LC50-rat,” “25 m gA g LD50-skin-rabbit,” “ 75 ppm  LC m an,” or “permissible exposure from 29 CFR 1910.1000,” or, if not available, from other sources o f publications such as the American Conference o f Governm ental Industrial Hygienists o r the American National Standards Institute Inc. Flashpoint, shock sensitivity, or similar descriptive data may be used to indicate flammability, reactivity, or similar hazardous properties o f the material.
(c) Section III. Physical Data
T he data in Section III should be for the total m ixture and should include the boiling point and melting point in degrees Fahrenheit (Celsius in parentheses); vapor pressure, in conventional millimeters o f mercury (mmHg); vapor density o f gas o r vapor (air =1); solubility in water, in parts/hundred  parts o f water by weight; specific gravity (water = 1); percent volatiles (indicated if by weight or volume) at 70 F (21.1 C); evaporation rate for liquids sublimable solids, relative to butyl acetate; and appearance and odor. T hese data are useful for the control o f toxic substances. Boiling point, vapor density, percent volatiles, vapor pressure, and evaporation are useful for designing p roper ventilation equipm ent. This inform ation is also useful for design and deployment o f adequate fire and spill containm ent equipm ent. T he appearance and odor may facilitate identification o f substances stored in improperly marked containers, or when spilled.
(d) Section IV. Fire and Explosion Data
Section IV should contain com plete fire and explosion data for the product, including flashpoint and autoignition tem perature in degrees Fahrenheit (Celsius in parentheses); flammable limits, in percent by volume in air; suitable extinguishing media or materials; special firefighting procedures; and unusual fire and explosion hazard information. If  the product presents no fire hazard, insert “NO FIRE HAZARD” on the line labeled “Extinguishing M edia.”
(e) Section V. Health Hazard Information
The “Health Hazard Data” should be a com bined estim ate o f the hazard o f the total product. This can be expressed as a TWA concentration, as a permissible exposure, or by some other indication o f an acceptable standard. O ther data are acceptable, such as lowest LD50 if multiple com ponents are involved.
U nder “Routes o f Exposure,” comments in each category should reflect the potential hazard from absorption by the route in question. Com ments should indicate the severity o f the effect and the basis for the statem ent if possible. T he basis m ight be animal studies, analogy with similar products, o r hum an experiences. Com ments such as “yes” or “possible” are not helpful. Typical comments might be:
Skin Contact—single short contact, no adverse effects likely; prolonged o r repeated contact, possibly mild irritation.
Eye Contact—some pain and mild transient irritation; no corneal scarring.
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“ Emergency and First Aid Procedures” should be written in lay language and should primarily represent first-aid treatm ent that could be provided by param edical personnel or individuals trained in first aid.
Information in the “Notes to Physician” section should include any special medical information which would be o f assistance to an attending physician including required or recom m ended preplacem ent and periodic medical examinations, diagnostic procedures, and medical m anagement o f overexposed employees.
(f) Section VI. Reactivity Data
T he comments in Section VI relate to safe storage and handling o f hazardous, unstable substances. It is particularly im portant to highlight instability or incompatibility to common substances or circumstances, such as water, direct sunlight, steel or copper piping, acids, alkalies, etc. “Hazardous Decomposition Products” shall include those products released under fire conditions. It must also include dangerous products produced by aging, such as peroxides in the case of some ethers. W here applicable, shelf life should also be indicated.
(g) Section VII. Spill or Leak Procedures
Detailed procedures for cleanup and disposal should be listed with emphasis on precautions to be taken to protect employees assigned to cleanup detail. Specific neutralizing chemicals or procedures should be described in detail. Disposal methods should be explicit including proper labeling o f containers holding residues and ultimate disposal methods such as “ sanitary landfill” or “ incineration.” W arnings such as “comply with local, state, and Federal antipollution ordinances” are proper but not sufficient. Specific procedures shall be identified.
(h) Section VIII. Special Protection Information
Section VIII requires specific information. Statem ents such as “Yes,” “N o,” or “ If necessary” are not informative. Ventilation requirem ents should be specific as to type and preferred methods. Respirators shall be specified as to type and NIOSH or MSHA approval class, ie, “Supplied air,” “Organic vapor canister,” etc. Protective equipm ent must be specified as to type and materials of construction.
(i) Section IX. Special Precautions
“ Precautionary Statem ents” shall consist o f the label statem ents selected for use on the container or placard. Additional information on any aspect o f safety or health not covered in other sections should be inserted in Section IX. T he lower block can contain references to published guides or in-house procedures for handling and storage. Departm ent o f T ransportation  markings and classifications and other freight, handling, or storage requirem ents and environm ental controls can be noted.
(j) Signature and Filing
Finally, the name and address of the responsible person who com pleted the MSDS and the date of completion are entered. This will facilitate correc tion o f errors and identify a source of additional information.
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The MSDS shall be filed in a location readily accessible to employees exposed to the hazardous substance. T he MSDS can be used as a training aid and basis for discussion during safety meetings and training o f new employees. It should assist m anagem ent by directing attention to the need for specific control engineering, work practices, and protective m easures to ensure safe handling and use o f the material. It will aid the safety and health staff in planning a safe and healthful work environm ent and in suggesting appropriate emergency procedures and sources o f help in the event o f harmful exposure o f employees.
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MATERIAL SAFETY DATA SHEET
1 PRODUCT IDENTIFICATION
M A N U F A C T U R E R ' S  N A M E R E G U L A R  T E L E P H O N E  N O  E M E R G E N C Y  T E L E P H O N E  N O




M A T E R I A L  O R  C O M P O N E N T % H A Z A R D  D A T A
III PHYSICAL DATA
B O I L I N G  PO IN T .  760 M M  H £ M E L T I N G  P O IN T
S P E C I F I C  G R A V I T Y  ( H j O - U V A P O R  P R E S S U R E
v a p o r  d e n s i t y  (a i r * d S O L U B I L I T Y  IN  H jO .  %  B Y  WT
%  V O L A T I I E S  B Y  V O L E V A P O R A T I O N  R A T E  ( B U T Y l  A C E T A T E  • 11
A P P E A R A N C E  a n o o o o h
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IV FIRE AND EXPLOSION DATA
f l a s h  p o i n t  
(T E ST  M E T H O D )
A U T O I G N I T I O N
T E M P E R A T U R E
F L A M M A B L E  L IM I T S  i n  A IR ,  %  B Y  V O L. L O W E R U P P E R
E X T I N G U I S H I N G
M E D I A
s p e c i a l  F I R E
F IG H T IN G
P R O C E D U R E S
U N U S U A L  F IR E  
A N D  E X P L O S I O N  
H A Z A R D
V HEALTH HAZARD INFORMATION
H E A L T H  H A Z A R D  D A T A
R O U T E S  O F  E X P O S U R E  
I N H A L A T I O N
S K I N  C O N T A C T
S K I N  A B S O R P T I O N
E Y E  C O N T A C T
IN G E S T I O N
E F F E C T S  O F  O V E R E X P O S U R E  
A C U T E  O V E R E X P O S U R E
C H R O N I C  O V E R E X P O S U R E
E M E R G E N C Y  A N D  F I R S T  A I D  P R O C E D U R E S  
E Y E S
S K I N
I N H A L A T I O N
I N G E S T I O N
N O T E S  TO  P H Y S I C I A N
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C O N D IT I O N S  C O N T R I B U T I N G  T O  I N S T A B I L I T Y
VI REACTIVITY DATA
I N C O M P A 1  » B IL IT Y
H A Z A R D O U S  D E C O M P O S IT I O N  P R O D U C T S
C O N D I T I O N S  C O N T R I B U T I N G  T O  H A Z A R D O U S  P O L Y M E R I Z A T I O N
VII SPILL OR LEAK PROCEDURES
S T E P S  T O  BE  T A K E N  IF  M A T E R I A L  IS  R E L E A S E D  O R  S P I L L E D  
N E U T R A L I Z I N G  C H E M I C A L S
W A S T E  D I S P O S A L  M E T H O D
VIII SPECIAL PROTECTION INFORMATION
V E N T I L A T I O N  R E Q U I R E M E N T S
S P E C I F I C  P E R S O N A L  P R O T E C T I V E  E Q U IP M E N T  
R E S P I R A T O R Y  I S P E C IF Y  IN  O E T A I L )
E Y E
G L O V E S
O T H E R  C L O T H I N G  A N D  E Q U IP M E N T
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IX SPECIAL PRECAUTIONS
P R E C A U T I O N A R Y
S T A T E M E N T S
O T H E R  H A N D L I N G  A N D  
S T O R A G E  R E Q U I R E M E N T S
P R E P A R E O  B Y
A D O R E S S
DATE
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XII. T A B L E S  A N D  F IG U R E  
T A B L E  XII-I
P H Y S IC A L  A N D  C H E M IC A L  P R O P E R T IE S  O F  V A R IO U S  T Y P E S  O F  C A R B O N  BLACK
Proper ty
Furnace
Black ChannelBlack Therm alBlack
Oil Gas
C om posit ion
C arbon  (%) 98 99.2 88.4-95.2 (avg, 91.2) —
Oxygen (%) 0.8 0.4 3.6-11.2 
(avg, 7.8) —
Hydrogen (%) 0.3 0.3 0.4-0.8 (avg, 0.6) —
Ash-Ca, Mg, Na ( % ) 0.1-1.0 0.1-1.0 0.01 —
Volatile m a tte r  (%) 1-2 1-2 5-18 < 1
Average particle diameter 
(f*m)
0.018-0.06 0.04-0.08 0.01-0.03 0.14-0.47
Specific surface (sq m /g ) 25-200 25-50 100-1,000 7-13
pH 8-9 8-9 3-5 8-9
Benzene extractables (%) 0.05-0.1 0.05-0.15 — 0.03-1.75
A dapted  from reference 2
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T A B L E  X I 1-2
O C C U P A T IO N S  W IT H  P O T E N T IA L  E X P O S U R E  TO  C A R B O N  BLACK
Battery workers 
C a rb on  black makers 
C a rb on  electrode workers 
C arbur iza tion  workers 
Cem ent workers 
Ceramics workers 
Food  processors 
Ink workers
Paint m anufac tu re  workers 
P aper  workers 
Plastics workers 
Printers
R u b b er  workers
A dap ted  from reference 2
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C A L IB R A T IO N  SETUP FOR PERSO N A L SA M PL IN G  PUMP W ITH C H A R C O A L  TUBE
U. 5. GOVERNMENT PRINTING OFFICE: 1 9 7 8 -7 5 7 -1 4 1 / 1 8 4 4  R e g ion  N o .  5-11
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D E P A R T M E N T  O F  
H E A L T H ,  E D U C A T IO N ,  A N D  W E L F A R E  
PUBLIC HEALTH SERVICE 
C E N T E R  F O R  D I S E A S E  C O N T R O L  
N A T I O N A L  I N S T I T U T E  F O R  O C C U P A T I O N A L  S A F E T Y  A N O  H E A L T H  
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